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SOIL SURVEY OF THE BASIN AREA, WYOMING 


By JAMES THORP, in Charge, and E. G. FITZPATRICK, U. S. Department of Agriculture, and 
T. J. DUNNEWALD and F. T. GORSUCH, University of Wyoming 


AREA SURVEYED 


The Basin area is in northwestern Wyoming, in the great basinlike 
desert region, known as Big Horn Basin, which is bounded by the 
Big Horn Mountains on the east, the Absaroka Range of the Rocky 
Mountains on the west, the Pryor Mountains on the north, and the 
Owl Creek Range on the south. (Fig.1.) The Basin area, which is 
named for the county seat of Big Horn 
County, includes lands under irrigation and Y 
lands which may be irrigated in the future, 5 
bordering Big Horn River and some of its 
principal tributaries. 

The western edge of the northern part of 
the area adjoins the Shoshone area’ on 
range line 98 W. From this line eastward 
the irrigable lands along Dry Creek and 
Greybull River are included, as well as a 
strip of irrigated land extending eastward URE or Hee ee ine lo: 
from Greybull up Shell Creek to the edge 
of the Big Horn Mountains. The area extends southward from 
Greybull up the valley of Big Horn River. The width of the surveyed 
area varies widely, being 4 miles at Basin, 7 miles at Manderson, 6% 
miles at Rairden, 7 miles at Worland, and 3 miles at Winchester. 
A narrow strip of land following Nowood and Paint Rock Creeks to 
the edge of the Big Horn Mountains and an isolated area comprising 
about 10 square miles in the vicinity of Ten Sleep are included. 
The irrigable lands along the smaller tributaries are very narrow in 
some places and much broader in others. 

The elevation at Basin is 3,837 feet, at Worland 4,061 feet, and at 
Ten Sleep 4,513 feet. 

Under natural conditions the regional surface drainage of practi- 
cally the whole area is good. However, it is necessary to drain 
nearly all the land when it is put under irrigation, because under- 
drainage is not sufficiently good to take care of the large amounts of 
irrigation water used. The waste water collects in the small natural 
depressions of the river terraces, raises the water table of the whole 
terrace, and in a comparatively short time evaporation of the excess 
capillary water causes an accumulation of alkali at the surface. 
The soils with gravelly substrata, which, theoretically, should be free 
from this difficulty, are in fact most subject to it. This is because 
they lie in a flat position and because many reefs of uneroded sand- 
stone and shale rocks underlie the gravel, checking the underground 


'Dunnewatp, T. J., Pearson, C., CARPENTER, E. J., FITZPATRICK, E. G., and THORP, J. SOIL 
suuvEY tt THE HORMONE AREA, WYOMING. U.8. Dept. of Agr., Bur. Chem. and Soils Ser. 1927, Rpt. 
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movement of water and causing it to approach the surface. The 
soils lying on the rolling uplands and alluvial fans are less subject to 
the ponding of waters and hence are in less necd of drainage. 
However, on the broad, gently sloping alluvial fans it is necessary to 
construct drainage ditches to keep the water table low enough to 
prevent interference with the growing of crops. Big Horn and Grey- 
bull Rivers and Dry, Shell, and Nowood Creeks are the principal 
natural drainage courses of the area. These streams, with their 
tributaries, remove all the run-off from this part of the country. 

Big Horn County was organized in 1897 from parts of Fremont and 
Johnson Counties. Part of this territory was taken in 1911 to form 
Park County, and other parts were taken in 1913 to form Washakie 
County and o part of Hot Springs County. The area surveyed 
includes parts of Park, Washakie, and Big Horn Counties, the major 
part lying in the last two counties. 

The first white settler known to have made his home in the Big 
Horn Basin was John White Woodruff, who built a cabin near the 
head of Owl Creek which lies outside the boundary of the Basin area. 
He was the first to introduce domestic cattle and sheep into this part 
of the country. However, there was no important colonization of 
Big Horn County until 1900, when a band of 800 Mormons migrated 
from Utah and entered into an agreement to irrigate about 18,000 
acres of land. Two years later 200,000 acres were under irrigation. 
In 1910, the year before the county was subdivided, there were more 
than 50,000 cattle, 13,000 horses, and 270,000 sheep on the farms and 
ranges. 

Most of the population of Big Horn and Washakic Counties are 
native-born Americans of more or less mixed ancestry. A colony of 
people, largely of German descent, is established on the Emblem 
bench, and at Ten Sleep and Hyattville are many people of Scotch 
and English birth or descent. A few Japanese families have settled 
in various parts of the area, particularly near Worland. Only a very 
few negro families live in the Big Horn Basin. During the summer 
many itinerant Mexican laborers come into the area. 

According to the 1930 Federal census report,’ the population of Big 
Horn County is 11,222 and of Washakie County is 4,109. Figures 
regarding the density of population of the Basin area are impossible 
to obtain without o special census because the area is not a civil unit. 
On the lands which are now under irrigation one or more families live 
on each unit. The units range from 40 to 160 or more acres in size. 
In the northwestern part of the area, where irrigation has not yet been 
established, the population is very sparse, and for distances rangin 
from 10 to 12 or more miles no human habitation, except the connen 
wagons of sheep herders, is to be seen. 

The principal towns of the area are Greybull, with a population in 
1930 of 1,806; Basin, with 903; and Worland, with 1,461. They are 
on the Denver, Black Hills, and Billings division of the Chicago, 
Burlington & Quincy Railroad, which line follows the course of Big 
Horn Bivat through the area. These towns are not large enough to 
furnish markets for more than a small proportion of the agricultural 


1 Soll survey reports aro dated as of the year in which the field work was completed. Later census fig- 
ures are given whenever possible. 
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products of thearen. Most of the fruits and garden truck find a local 
market, but the greater part of the other crops is shipped from these 
points to the larger markets to the east, south, and north. 

The Atlantic-Yellowstone-Pacific Highway, commonly called the 
Yellowstone Highway, passes through Worland, Manderson, Basin, 
and Greybull and thenco extends westward up Dry Creek Valley 
toward Cody, passing out of the area on its extreme western border. 
About 5 miles from Greybull a road branches off northward toward 
Billings, Mont., by way of Lovell, Deaver, and Frannie, in the Sho- 
shone area. Most of these roads are graded and graveled and are in 
good condition except immediately following the infrequent rains or 
snows of thisregion. A fairly good highway connects Burlington and 
Otto with Basin, and other roads follow Shell and Nowood Creeks. 
An excellent road connects the Yellowstone Highway at Worland 
with Buffalo and Sheridan by way of Ten Sleep and across the Big 
Horn Mountains. 

Side roads connecting with the main highways are in good condition 
in the settled communities, except in a few places near Otto and 
Burlington, where excessive alkali accumulation and lack of care of 
waste water keep them in an almost constant poorly repaired con- 
dition. A few of the feeder roads are impassible except for horse- 
drawn vehicles. This condition will be improved when an adequate 
drainage system has been constructed and the water table lowered. 


CLIMATE 


The climate of the Basin area is arid, making irrigation necessary 
for the successful production of cultivated crops. The United States 
Weather Bureau records show an average annual precipitation of 6.44 
inches at Basin and of 7.51 inches at Worland. ‘These stations report 
a maximum annual precipitation of 11.09 and 12.15 inches and a mini- 
mum of 2.63 and 3.03 inches, respectively. The Basin aren isa true 
desert, as only in the wettest years does the precipitation approach 
that of asemiarid climate. The greater part of the moisture falls in 
the 8-month period from March to October, inclusive, with the spring 
months showing slightly greater rainfall than either the summer or 
fall months. Althouse the precipitation of the summer months nearly 
equals that of the spring and exceeds that of the fall and winter, the 
soils are drier during this period than at any other time because the 
heat of summer increases evaporation and causes a low relative humid- 
ity. During July and August the soils which are not irrigated become 
very dry and hard, and large cracks open up in the heavier soils. 
The occasional violent thundershowers of summer do not wet the soil 
to a depth of more than a few inches, and the moisture is usuall 
evaporated a few hours after the passing of the stormclouds. Hail- 
storms of sufficient force to severely damage crops are very rare. 
Snowfall in the Basin area is practically never heavy enough to inter- 
fere with road travel for more than a day or two at a time. 

The winters are cold, with minimum reported temperatures of 
~51° F. at Basin and —43° at Worland. The average winter tem- 
perature at Basin is 18.8° and that at Worland 17.5°. The highest 
temperature recorded at Basin is 114° and at Worland 104°. July 
averages the hottest month of the year. The frost-free season, that 
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is, the time between the last killing frost and the first, averages 127 
days at Basin and 132 days at Worland. Occasionally killing frosts 
occur after the first of June and before the middle of September. 
No figures are available for the outlying districts near Burlington, 
Shell, Hyattville, and Ten Sleap, but according to local information 
these places have a slightly shorter frost-free season than the districts 
near Basin and Worland. 

Tables 1 and 2 give the normal monthly, seasonal, and annual 
temperature and precipitation at Basin and Worland. 


Tasie 1.—Normal monty, seasonal, and annual temperature and precopritation 
at Basin, Big Horn County, Wyo. 


[{Elevation, 3,837 feet] 


Temperature Precipitation 


Total Total 
amount | amount 
for the | for tho | 800%, 


Month 


Absolute Absolute 


Mean maxi- Mean average 
mum |@lolmum ey wettest dopth 
(1902) (1924) 

oF. oF, oF Inches Inches Inchee Inchea 
18.1 59 —38 5 (!) 5 30 
170 60 39 . 0 16 27 3.4 
21.3 68 —51 35 14 1 96 2.9 
18 8 68 —51 1.03 | -30 2 82 9.3 
ee | ns ee 
343 78 —26 55 27 6 21 36 
46.0 87 3 14 | 85 56 1.2 
56.3 97 20 1 00 61 82 6 
6,09 4 


Summer....-.--..-----2-e 


September._..-.....-.-..-..--.- 60 4 +36 () 
October... a 47 0 +48 7 
Novomber....-...------0e00---- 33,5 4 - 06 1.3 
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Tani 2—Normal monihly, seasonal, and annual temperature and precipitation 
at Worland, Washakie County, Wyo. 


(Elevation, 4,061 feat} 


‘Temperature Precipitation 


Total Total 
Month Absolute | Absolute amount amonnt Snow, 
Mean mer mer Mean | ‘ariest | wettest, *Tepth 


year year 
(1923) 


(1919) 

oF. oF, oR, Inches Inches Inches Inchea 
December. 17.3 60 —38 0 25 0. 0 18 26 
44 55 —43 35 17 32 
20 8 66 —36 07 229 
75 66 —4 42 8.0 
a2 8 77 —23 18 4.4 
445 B4 9 61 2.2 
53 8 06 20 127 1 
437 96 —23 206 O7 

5 5 104 31 2 00 0 

71.1 102 39 1 97 0 

68 0 100 34 92 0 

68 2 104 31 4 89 0 
September... _ a 57.9 86 24 3 84 1 
October. -- : 457 87 —1 56 14 
November......---2.----------- 312 9 —26 +38 15 
449 96 —26 478 30 
43.6 104 43 | 12:15 | 77 


AGRICULTURE 


As the Basin area is not a civil unit, but includes parts of Big Horn, 
Washakie, and Park Counties, accurate data regarding the agriculture 
of the area can not be given. The part of the area im Park County 
is not under irrigation and has no influence on the agriculture; a large 
section of irrigated land in the Shoshone River Valloy, Big Horn 
County, lies outside the Basin area; but practically all the important 
irrigated lands of Washakie County are within the aren. In Table 3 
are given crop data for Big Horn and Washakie Counties for the years 
1899, 1909, 1919, and 1927. The data for Big Horn County for 1899 
and 1909 include data for Washakie County, as that county was not 
separated from Big Horn County until 1913. The data given for 
1927, except those on beans, are from a joint bulletin of the United 
States Department of Agriculture, Bureau of Agricultural Economics, 
and the Wyoming State Department of Agriculture. Estimates of 
the bean crop were obtained from the county agent of Big Horn 
County and from the Big Horn Cooperative Marketing Association 
which handles most of the crop. These estimates are conservative. 
The data for the years other than 1927 were compiled from the figures 
of the United States Bureau of the Census. 
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TaBLe 3.—Acreage and production of crops in Big Horn and Washakie Counties, 
Wyo., on stated years 


Big Ilorn County 


Crop 


1899 1900 1019 


Bushels | Acres | Bushels | Acres Bushels 
3,700 231 4, 216 223 5, 589 
42,150 6,003 | 103, 304 12, 223 171,176 
148, 180 10,222 | 270,012 6, 371 126, 446 


2,476 630 13, 523 327 7,873 
34, 402 580 | 113,942 554 61, 986 
23 47 452 124 1, 249 

Tons Tons Tons 
Tame hay... 18, 063 36,610 33, 072 86, 844 64, 700 100, 387 
Wild hay_ 8,016 870 1,100 580 640 
Grains cut 2,058 652 774 2, 485 1,826 


eee 836 9, 031 2, 047 30, 460 


Bushele | Trees Bushels Trees Bushele 
sieeowadebeeite od Se oeecetcedanessss 8, 622 6,731 27,702 13, 315 


1, 261 366 3, 661 1,621 
a7 20 518 166 
es 
Big Horn County Washakte County 
Crop 


1027 1919 1927 


Acres Bushels sik be Bushels | Acres Bushels 


3, 434 500 20, 000 
3, 197 41,811 2, 100 67, 800 
3, 600 86, 780 3, 200 160, 000 
408 8,373 3, 500 175,000 
178 | 24, 623 500 162, 500 
Pounds 
BOR DS oie Se ate ta aaeedencca see eecened 147 637 | 14,000 | 14, 500, 000 
Tons 
Tame hay 16,411] 37,772 
Wild hay. 147 1 
Grains cut 760 O03) |oewaeoe eteees 


2, 973 25, 660 
Trees_ | Bushels 
542 


B02) BAD fcc seco usp cete seen 
203 Ol |... 
68 32 |. 


‘Estimate, by county agent, for that part of the county in the Basin area. 
4 Estimate by Big Horn Cooperative Marketing Association, 


The foregoing statistics show that the trend of agriculture in the 
area is toward more cash crops. In the early days, as at present, 
hay was the principal crop, and sufficient quantities of wheat, oats, 
barley, and potatoes were grown to largely take care of local consump- 
tion. The hey. oats, and barley were used for feed, and wheat was 
ground in local mills and used mainly at home. The chief source of 
revenue was the sale of cattle, sheep, and wool. The installation of 
sugar factories at Worland and Lovell, the last-named town being 
about 36 miles from the north edge of the area, has given great impe- 
tus to the culture of sugar beets. 

No dry farming is carried on in the Basin area, and the climate is 
so dry that irrigation will always be necessary. 1n the discussion of 
present agricultural trends and practices it should be borne in mind 
that the crops grown are on irrigated land entirely. 

The largest acreage has always been devoted to the hay crop and 
will probably continue to be for a long time. This crop consists 
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mainly of alfalfa, but much sweetclover and less amounts of other 
hay crops are grown. Alfalfa not only furnishes feed for dairy and 
beef cattle, sheep, and horses, but it adds nitrogen to the soil. Thisisa 
rent, benefit to the farmer because nitrogen is the one element which 
ig conspicuously lacking in all the irmgable lands of the region. 
Alfalfa fed on the farm is doubly beneficial to the soil, as the manure 
from the animals is returned to the land. It has the one disadvan- 
tage of using up a large amount of the available pean in the 
anil Sweetclover is grown not only for hay but for seed and to be 
used as green manure for the fixation of nitrogen. Sweetclover will 
grow on land that contains too much alkali for the successful produc- 
ton of alfalfa, and it is used very widely in reclaiming alkali lands. 

The most important trend at the present time is toward the pro- 
duction of sugar beets and dry edible beans. Table 3 shows very 
rapid gains in the production of both crops. On the lighter types of 
soil it has been found that Great Northern beans will frequently 

roduce as high as 2,500 pounds an acre. Asarule, the gross income 
rom beans is considerably less than that from beets, but the over- 
head cost of growing beans is so much less that the net profit is 
greater than on beets. Seed beans of various kinds are grown, but 
they usually become blighted and the profits are diminished on this 
account. 

Sugar beets grow well on most of the good soils of the area and are 
especially well adapted to the heavier types of soil, particularly the 
loams. They are more tolerant of alkali than beans and will grow 
on land where bean growing is out of the question. The production 
of sugar beets involves much hand labor both in thinning and weeding 
the crop in the spring and in topping the beets in the fall. The beet 
lands of Big Horn and Washakic Counties produce beets containing 
a higher percentage of sugar than any other lands in Wyoming, Colo- 
rado, or Nebraska, according to sugar refiners’ reports, and the farmer 
receives 50 cents more a ton than growers elsewhere in this region. 
Prices in 1927 were $8.50 a ton in the Basin aren. A great expansion 
of the beet industry will probably take place if a branch line to the 
railroad is built up Greybull River or Dry Creek, as has been proposed. 
At present farmers in the outlying districts are obliged to depend for 
their cash income on crops with a greater unit value than beets. 

Some of the finest corn in Wyoming is produced in the Basin area, 
but yields aro not sufficiently high for the crop to become of commer- 
cial importance at present prices. All the corn grown is used locally 
for feed, and much is shipped in to be used in fattening turkeys. 

Most of the vegetables and small fruits common to the North 
Temporate Zone will grow well in the Basin area, and most farmers 
have gardens in which they produce enough of these crops for their 
own use and frequently some to sell in the neighboring towns. A few 
Japanese families have gone into the truck-crop business on a larger 
scale, and they are not only selling large quantities of vegetables and 
melons locally but are shipping some to Cody, Thermopolis, Casper, 
and other towns outside the area. It is probable that this industry 
could be profitably extended. 

Table 4 gives the number and value of the most important classes 
of livestock, of poultry, and of bee colonies in Big Horn and Washakie 

ounties. 
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TaBip 4,—Number and value of livestock, poultry, and bees in Big Horn and 
Washakie Counties, Wyo., in stated years 


Big Horn County 
Class 
1900 1910 

Number | Value | Number ‘alue 
OAC Oi css hoe ek oes See eae 42, 845 60,326 | $1,418,991 
Sheep. -| 357,787 |.. --| 270,423 | 1,380, 222 
Horses. 15, 488 13, 384 1, 122, 576 
Bwine__ 2, 558 7,21 48, 803 
Poultry. eeseaw se 38, 249 20, 296 
Bee colonies... 43 1,251 6,307 

Big Horn County Washakie County 

Class SS 
1927 1920 1927 

Number | Value | Number Value Number Value 
Cattle od 14, O84 | $362,769 | 16, 527 
Sheep... 65,859 | 420,589 | 101, 100 
Horses. 5, 259 
Swine__. 2, 393 
Poultry. -.. 17,171 
Beo colonies. 356 


Accurate data on the number of poultry kept in the area are not 
available at the present time, but there has been a very significant 
increase in the number of turkeys raised in the last few years. The 
Big Horn Cooperative Marketing Association estimates that about 
7 carloads of turkeys, or about 13,000 birds, were shipped from the 
Basin area alone in 1928. The United States census gives the num- 
ber of poultry other than chickens as 2,955 in Big Horn and Washakie 
Counties in 1920. Of this number probably about 2,000 came from 
the Basin area, and probably most of the fowls were turkeys. From 
these figures it is estimated that there has been an increase of at 
least 650 per cent in the number of turkeys raised and shipped during 
the 8-year period ended in 1928. The climate and natural surround- 
ings are very favorable to the raising of these fowls, and it is likely 
that their numbers will further increase. 

The decrease in the total number of cattle, sheep, and horses 
between 1920 and 1927 was very marked, and the numbers of these 
animals, particularly cattle, continued to decrease in 1928 because 
the owners converted the cattle into cash during the period of high 
prices. 

It is generally recognized that unsensonable frosts are less likely to 
occur on the lands lying on the terraces and uplands than on areas 
of lowland along the streams. In the lowlands the air and soil warm 
up more quickly than on the uplands during the daytime; but at 
night the cold air settles in these places, and tender plants or fruit 
blossoms are likely to be frosted in the spring. The sandy soils of 
the area are recognized as warmer soils because they do not hold so 
much moisture and hence warm up more quickly in the spring. They 
usually produce earlier crops than the colder heavy soils. Soils with 
a slope suitable for irrigation are necessary to successful farming. 
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The adaptation of soils to crops is influenced largely by the soil 
texture. Farmers generally recognize that sandy soils are particu- 
larly suited to beans, loams to potatoes, and loams and clay loams to 
grains. Alfalfa, sweetclover, and beets are grown indiscriminately 
on all soils where stands can be obtained. Sweetclover and beets are 
especially popular on soils that are being reclaimed from an alkali 
condition. 

Fall plowing is common practice in the Basin area. The land is 
usually plowed before Christmas and allowed to lie fallow all winter. 
Many farmers irrigate the soil early in the spring and allow the weeds 
to sprout, after which the land is thoroughly harrowed with a disk 
harrow. By this means it is possible to greatly reduce the expense 
of weeding the crops later in the season. Beet and bean seeds are 

lanted with modern drills which have attachments for making shal- 
ow furrows for the irrigation water between the rows. The crops are 
cultivated after each irrigation during the early part of the season. 
Young beets are thinned and weeded by hand and occasionally, when 
cultivators do not thoroughly do the work, beans must be weeded 
and hoed by hand. 

The land is irrigated by allowing water to flow from the ditches 
down the shallow furrows between the growing crops until the soil is 
thoroughly moistened. For grains and alfalfa, very shallow furrows 
for the water are made about 18 inches apart at the time of planting. 
The waste water is usually collected in 2 small ditch at the lower end 
of the field and conducted to a drainage ditch or to a near-by creek 
or draw. Some farmers let the waste water run at will, but this 
practice leads to the bogging of lower-lying lands. 

No fixed crop rotation is practiced at present in the Basin area, but 
several common practices are in use. ost farmers plant alfalfa with 
wheat, barley, or oats as anursecrop. Where the land is too salty for 
alfalfa, sweetcloveris planted aftersome of the alkali has beenremoved. 
The land is usually left in alfalfa for several years, after which it is 
plowed and planted to beets or potatoes, or sometimes to beans, 
though beans do not thrive very well immediately following alfalfa. 
The land may be kept in beets for several years, but potatoes are sel- 
dom grown more than one senson without rotation. When the land 
begins to lose productivity it is put back into alfalfa, with a grain as a 
nurse crop. When it is desired to get the land quickly into condition 
for growing cultivated crops, sweetclover is sown with a nurse crop in 
the spring, the grain is harvested that summer, and the sweetclover is 
plowed under the following June. The land is then ready for beans. 

Commercial fertilizers are not used in the Basin area. Stable 
manure is applied to the land, and sweetclover or alfalfa is plowed 
under. The only element lacking in the soils of this region is nitro- 
gen, and a good supply of this is provided by alfalfa or sweetclover. 

Most of the farms have fairly comfortable houses, and the number 
of homes with modern conveniences is increasing. There are very 
few good barns in the area, 2 small shed for cattle or machinery usu- 
ally being considered sufficient. Most farmers own modern machin- 
ery of good quality, and many have tractors. The work animals are 
of medium weight, but the heavier breeds of horses are on the increase. 

Most farmers keep a few dairy cows, mostly grades, though there 
are many Holsteins and Jerseys scattered throughout the area. Most 
of the range cattle are of the Hereford breed,-and a few are Shorthorns. 
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The farm labor employed in the Big Horn Valley and adjacent 
lands where beets are produced is mainly Mexican. These people 
live in small houses provided by the farmers and work under contract, 
receiving about $26 an acre for thinning, weeding, and topping the 
beets, with a bonus when the yield exceeds 12 tons an acre. The 
labor on the farms along Greybull River and Dry, Shell, and Nowood 
Creeks is mainly native-born American. About 51 per cent of the 
farms in Washakie and Big Horn Counties reported the hiring of labor, 
at an average cost of $632.83 a farm, in 1925. Tho laborers are in 
general efficient, but close supervision is commonly practiced. 

In 1930, 70.8 per cent of the farms in Big Horn County and 
69.9 per cent of those in Washnkic County were operated by the 
owners, a few were operated by managors, and the remainder by ten- 
ants. The common form of rental is a share of the crop rather than 
cash. The proportion of the crop received varies, but the tenant 
usually receives the following shares: Beets, five-sixths of the crop; 
beans, from three-fourths to four-fifths; hay, two-thirds; and grain, 
three-fourths. The owner pays watcr rent and taxes, and the renter 
furnishes all labor and most of the machinery. 

Rates paid for irrigation water vary greatly in different parts of 
the area, They are on a flat-rate basis and range from nothing in 
some parts of the Greybull River Valley to $2.50 an acre under the 
Upper Hanover Canal. The rate under the Big Horn Canal on the 
west side of Big Horn River is $1.75 an acre. In the Greybull River 
Valley rates are very low because the farmers cooperate in caring for 
the ditches and hence do not have to pay for having the work done. 
On the higher benches this is impossible, and the rates vary accord- 
ing te the amount of engineering exponse involved, 

he average size of farms in Big Horn County is 198.2 acres, and 
of farms in Washakie County is 786.2 acres. However, the number 
of farms in the Basin area ranging from 40 to 120 acres in size is 
much greater than the number of those of the average size given by 
the census, as a few very large ranches greatly increase the average 
size for the area. 

Land values range from almost nothing for the areas badly affected 
with alkali to $150 or more an acre for the best lands. It is probable 
that land values of soil which has been or can be freed of danger 
from alkali will increase in the next few years. 

At the present time it is difficult to make recommendations for the 
improvement of the soils of the Basin area, because practically no 
experimental work along this line has yet been accomplished. 
Several problems of importance are to be considered, and a small 
start has been made in this direction. One problem is that of 
supplying nitrogen in the soil. The methods in general use for 
accomplishing this have been discussed. From experiments carried 
on by one of the large sugar companies at Wheatland, Wyo., where 
the soils are somewhat similar to those of the Basin area, it has 
been found that continuous cropping without fertilization of the 
soil has resulted in a large reduction of the available phosphorus in 
the soil, with a corresponding reduction in crop yields. It has been 
found there that beet yields can be greatly increased by the addition 
of only 50 pounds of superphosphate (acid phosphate) to the acre. 
The results of these experiments are as yet incomplete. The Wyo- 
ming Agricultural Experiment Station is planning an experimental 
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field to be placed on some of the very heavy alkali soils of the 
Basin area with a view to finding some practical way of making 
these soils productive. The present method of handling the land is 
to plant sweetclover with a nurse crop and plow it under the second 

ear, then follow it with alfalfa. Much alkali land can be brought 
into production within a few years by this method. Another prob- 
lem on which the experiment station is working, but on which it has 
not as yet obtained results, is the problem of reduced yields from old 
alfalfa fields. Alfalfa makes remarkable growth on virgin land, but 
after the soil has been cropped for a few years the yiclds are greatly 
reduced. Chemical analyses have as yet shed no light on the cause 
of the decreased yield. 


SOIL SERIES AND TYPES 


The soils of the Basin area are separated into scries, types, and 
phases. A soil series includes several soil types, and a soil type may 
include several phases. A soil series is a group of soils which are 
essentially the same in every respect except in the texture of the upper 
few inches commonly known as the plow depth, or surface soil. 
The serics name is taken from the name of a locality in or near which 
soils of the series were first mapped. A soil type is 1 member of a 
given series with a pee mewlay texture in the upper few inches. A 
phase represents a local variation or inclusion within a soil type, 
which is of insufficient importance or extent from the viewpoint of 
soil classification to be recognized as a separate type. An example 
of a soil name will further explain the meaning of the terms used. 
All soils in the Basin area which have pale grayish-brown surface 
soils, yellowish-brown subsurface soils, subsoils which contain a large 
amount of white lime accumulation, and which are underlain at a 
depth ranging from 2 to 3 feet by waterworn gravel have been clas- 
sified as belonging to the Ralston series. A soil of this series with a 
surface soil of fine sandy loam is known as Ralston fine sandy loam, 
this being the type name. If this type should be too moist for agri- 
cultural purposes, owing to the fact that it happens to lie in a depres- 
sion, it would be called Ralston fine sandy joan, poorly drained 
phase. Other type names are loam, silt loam, and clay, according 
to the texture, and other phases are designated as hilly, eroded, or 
otherwise. 

In describing soil types the terms “profile” and ‘‘horizon” are 
frequently ised, A soil profile is a vertical cross section such as is 
exposed in a road cut or along the edge of a vertical stream bank. 
Profiles of most soils show several more or less distinct but usually 
uneven horizontal layers. Most soils, except those on steep eroded 
hills and on river bottoms, have three main horizons. The topmost 
horizon is the part which is cultivated and hence is of most impor- 
tance to the farmer. The middle horizon is usually more com- 
pact than the topmost horizon and in. many places in the Basin area 
is rich in lime. The third, or bottom, horizon is the parent material, 
or the material from which the soils have been formed. 

In the Basin area 9 series of soils, including 26 soil types and 18 
phases of types, in addition to 3 classes of miscellaneous nonagricul- 
tural materials, are mapped. 
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ANl the soils of the Basin area must be irrigated in order to produce 
crops. An endeavor was made to include in the area only those soils 
which could be watered. In some places, however, the ongineering 
problems involved in getting water to the lands will be very difficult 
and expensive, so much so, in fact, as to preclude the irrigation of 
some tracts until land values are much higher than they are at present. 
Another problem, coincident with that of irrigation, is the problem 
of the removal of waste water from irrigated lands. This involves 
artificial drainage, and there is no extensive area of land in the whole 
Basin area which does not need a thorough system of drainage ditches, 
tile drains, or both. On many of the alivil fans, which lie between 
the river terraces and the uplands, there are many farm units which 
would not require drainage other than that provided by nature, but 
the waste water from these farms will invariably cause seepage and 
alkali accumulation on the farms of the flat lands just below. The 
aye! layer underlying soils of the Ralston series will act as a natural 

rainage channel for removing excess waters, but the soils in the 
numerous slight depressions will become seep spots if no ditches or 
drains are provided to remove the ground water. Another cause of 
ie drainage is that the underlying shale, sandstone, or other rocks 

ave been unequally eroded, loaving small ridges or reefs of rock 
which impede the circulation of underground waters. 

With equally satisfactory conditions of irrigation and drainage, 
the soils of the Basin area rank in agricultural importance approxi- 
mately as follows: The soils of the Ralston and Billings scries are 
about equal in importance. The Ralston soils will produce any staple 
crop of this region and are especially adapted to alfalfa, potatoes, 
grains, sugar beets, beans, peas, and truck. The same may be said 
of the Billings soils, except that they are better adapted to beets and 
not so well adapted to potatoes as tho Ralston soils. The fine sandy 
lorm of the Worland series should prove to be oqual in value, for 
general crops, to the Ralston and Billings soils, but at present prac- 
tically none of this soil is under irrigation and most of it lies at ele- 
vations where it would be necessary to pump water toit. The other 
member of the Worland series is light textured and would require 
large amounts of water. The Meeteetse soils are highly productive 
of all local crops, but they are very inextensive. They produce 
especially good crops of beans, grains, and alfalfa. Soils of the 
Chipeta and Greybull series are very extensive, but their agricultural 
value is low because they are too shallow to allow satisfactory drain- 
age. In most places, except on some moderate slopes, they are sure 
to become affected by alkali within a few years after they are first 
irrigated. The Chipeta soils are more subject to alkali accumulation 
than the Greybull soils because they contain more soluble salts in the 
parent materinls. The Shoshone soils, with the exception of the 
terrace phases, are so near the level of the streams that they are in 
most places affected with allcali and it is difficult or impossible to 
drain a large part of these soils. Where they are not affected b 
accumulations of alkali, however, they are rather productive, thoug 
not so productive as the Ralston or Billings soils. Soils of the Moffat 
series are very well adapted to the production of alfalfa, grains, beans, 
and potatoes. Sugar bests would doubtless do well on these soils, 
but the production of this crop would not be profitable because the 
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soil areas, the largest of which are near Ten Sleep and Hyattville, 
are too far from the railroad, The soils of least agricultural value 
are those of the Pierre series. These are thin salty soils underlain 
at a very slight depth by impervious shales, and they invariably 
accumulate alkali as soon as they are irrigated. Their dark color 
gives the inexperienced farmer a false idea of their fertility, and sev- 
eral newcomers have been deceived in this way. ‘These soils can not 
be subdrained. Such lands afford fair pasture for sheep and should 
be left for that purpose. Practically all the nonagricultural lands, 
with the exception of bare rock wastes, furnish valuable winter pas- 
ture for sheep and should be used for that purpose. The soil types 
and phases of each series are described in detail in the following pages, 
and their agricultural importance is discussed. Their acreage and 
proportionate extent in the area are given in Table 5. 


TaBLE 5.—Acreage and proportionate extent of the soils mapped in the Basin 
area, Wyoming 


Type of soll Acres eer Type of soll Acres ao 
Ralston fine sandy loam_._- 48, 640 Meeteetse loam___..-_-.---_-.------ 3, 456 08 
Light-textured phase. 448 16.8 Mcetectse clay loam ___ 768 +2 
Alluvis!-fan phase... 8, 768 Chipeta fino sandy loam. a H 3.0 
Gravelly phase. . 13, 604 
Ralston loam....__.._. 20, 224 2 al 
Poorly drafned phase. 704 6.3 4.1 
Stony phase... 2,112 9 
Ralston clay loam. 1, 408 3 16 
Ralston sandy loam 3, 776 H 1d 2 16 
Poorly drained phase 768 
Ralston gravelly losm__. 6, 528 16 Terrace phase...... 3, 264 62 
Billings fine sandy Joam-_ 26, 624 Poorly drained phase... 4, 480 
Dark-colored phase... 256 8,7 || Shoshone loam--__...____ 7,040 H 1.9 
Brown phase.... 10, 112 ‘errace phase. 1, 280 ‘ 
Billings loam...... 37, 120 Shoshone clay loam.._..-.. 4, 544 L1 
Dark-colored p 4, 544 | 13.2 || Moffat very fine sandy loam 2, 880 17 
Brown phase._ 14, 502 Moffat silt loam. 1,702 4 
Billings clay loam. 3,072 Pierre loam... 0, 016 1.4 
oorly drained phase. 1, 280 | 19 Pierre clay Soa 6,440 13 
Brown phase. -._-___. 1,216 Rough broken and stony land_. 87,488 | 20.5 
Dark-colored phase__ 2,368 i Dune sand. 806 2 
Worland fine sandy loam 8,320 1.9 || River wash 4 
Worland loamy fine sand... 8,384 2.0 
Meeteetse fine sandy 3, 648 i 10 TOtA) ccc cssacexesseewsavceses 426, 240 |... 
Gravelly subsoil phaso.. 448 


RALSTON FINE SANDY LOAM 


In a virgin condition the topsoil of Ralston fine sandy loam in most 
places consists of 1 inches of very pale grayish-brown loamy fine 
sand, with a thin surface crust, underlain by 3 or 4 inches of light 
yellowish-brown laminated fine sandy loam containing many grass 
and sage roots. This material is friable and works up very readily 
with a plow or harrow. The upper subsoil layer, beginning at a 
depth of about 6 inches, is light yellowish-brown slightly compact 
fine sandy loam which forms weak columns when exposed in a road 
cut. This layer is pierced by many roots and root holes, the last 
being partly filled with an accumulation of white lime carbonate 
resembling mold. Between depths of 12 and 22 inches is grayish- 
white or yellowish-white fine sandy loam or loam containing streamers 
of yellowish-brown lighter-textured materials extending downward 
through it. These streamers seem to follow the more or ie bunched 
roots of the natural vegetation. The white color of the main body 
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of soil in this layer is caused by the presence of large amounts of soft 
white lime accumulation. Below this layer and extending to a depth 
ranging from 5 to 10 feet is a layer of alluvial gravel consisting mainly 
of dark-colored igneous rocks mixed with sand of a similar color. The 
upper 10 or more inches of this layer contains a white lime deposit 
similar to that in the layer above. The lime disappears at a depth 
ranging from 30 inches to 5 feet, depending on the locality. This 
profile represents about the average conditions. 

In general the Ralston soils on the higher terraces have a thicker 
layer of lime accumulation than those on the lower terraces. The 
depth to, and thickness of, the different layers vary greatly with the 
locality. In some places the gravel layer occurs at a depth of 15 
inches or even less. In many places, particularly in slight depres- 
sions, there is 2 slight accumulation of gypsum under the lime layer 
or, more commonly, in the upper part of the gravel layer. This is 
much more frequently developed in the heavier soils of this series than 
it is in Ralston fine sandy loam. The entire profile contains lime, 
but the lime is concentrated in the subsoil. 

Ralston fine sandy loam occurs mainly on the higher river and creek 
terraces, and in most places the land lies suitably for irrigation. The 
terraces have enough slope downstream to cause the water to run 
readily over the land, even where it appears perfectly flat to the eye. 
At the edges of the terraces the land breaks away abruptly in steep 
slopes, and numerous steep-sided draws indent the land. Large areas 
of this soil are on the terraces of Greybull River, Dry Creck, and Big 
Horn River. 

In a natural state this soil supports a growth of sagebrush, rabbit- 
brush, grama, and pricklypear. In some places the vegetation is 
mainly grasses and pricklypear, and where these prevail the land can 
be much more easily prepared for irrigation. 

Under natural conditions drainage is good on this soil, but artificial 
drainage is necessary under irrigation, except in very small areas 
where the soil lies at slight elevations or where it occupies isolated 
points of land. The usual method of draining this land, which is 
thoroughly effective, is by constructing large open ditches through the 
low ground and laying Thera tile drains from the ditches. Much 
work has been done in draining this soil and associated soils on the 
Emblem bench and on the terrace lands west of Big Horn River 
betweon Basin and Worland. There is an urgent need for the same 
kind of a system on the lands surrounding the town of Burlington, 
where thousands of acres of this and associated soils could be reclaimed 
by ditching and tiling. 

Practically all of this soil which is under the ditch is cleared and 
under cultivation, or about 60 per cent of its totalarea. The principal 
crops are alfalfa, beans, potatoes, oats, and wheat. On areas near 
the railroad much of the soil is devoted to the production of sugar 
bects, but it is not so well adapted to this crop as are the heavier- 
textured soils of the Ralston and Billings series. Where this soil is 
unaffected by alkali the average yield of alfalfa is 2 tons to the acre, 
of beans 1,800 pounds, of wheat 30 bushols, of oats 60 bushels, of 
potatoes 100 sacks, and of sugar beets 12 tons. These yields vary 
greatly according to the manner in which the soil is handled. Pota- 
toes require large amounts of organic matter and will not thrive unless 
this is provided. Beans often produce as high as 2,500 pounds an 
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acre, and at the present time (1928) this crop is by far the most 
profitable that can be raised on Ralston fine sandy loam. Many 
farmers report a profit ranging from $60 to $100 an acre from Great 
Northern beans. Practically no commercial fertilizers are used at 
present. 

Ralston fine sandy loam, light-textured phase.—As typically devel- 
oped in this aren the light-textured phase of Ralston fine sandy loam 
has a 4-inch surface layer of pale grayish-brown or yellowish-brown 
fino sand overlying a layer of pale yellowish-brown loamy fine sand. 
The topsoil shows a very slight accumulation of organic matter which 
comes from decayed grass roots. No organic matter is visible in the 
second layer. At a depth of 18 inches is pale brownish-gray or light 
ake Meuse loamy sand with small specks of white lime accumu- 
ation. This layer is rather hard and compact when dry and is 
penetrated by a few grass roots. At a depth of 36 inches is a layer of 
yellowish-brown or pale reddish-brown fine sandy loam mottled with 
white lime accumulation. This layer overlies the usual substratum 
of dark-colored igneous river-terrace gravel which in many places 
occurs at a depth of less than 3 feet. The red color of the deeper 
part of the subsoil is caused by the close proximity of soils of the 
Meeteetse series, which evidently contributed part of the materials. 
In some places this layer has a more olive-drab color. All the layers 
are calcareous, but the subsoil layers are most decidedly so. 

Areas of this phase of Ralston fine sandy loam range from undu- 
lating to hummocky, and in many places the land must be leveled 
before irrigation can be practiced to advantage. Drainage of most 
areas is sufficient without ditching or tiling. In fact the soil is so 
leachy that in few places would it pay to try to farm the land, as 
larger quantities of water than would be economical are required to 
keep it moist. 

his soil in a natural condition supports a growth of rabbitbrush, 
sagebrush, and grama. No large areas occur in the Basin area, and 
only a small acreage is under irrigation. The largest area is 3 miles 
northeast of Worland, one small area is on the edge of a terrace 
about 1 mile southwest of the State industrial school, and another is 
just south of Dry Creek close to the western boundary of the area 
surveyed. 

This soil is of minor agricultural importance because of its very 
light texture. A large proportion of it on a farm consisting mainly 
of the heavier soils of the Ralston series would tend to detract from 
the value of the farm. 

Ralston fine sandy loam, alluvial-fan phase —The upper 3 inches of 
the alluvial-fan phase of Ralston fine sandy loam is light aera 
brown loamy fine sand mixed with small quantities of gravel. It is 
slightly laminated when in a virgin condition and is full of grass roots. 
A very slight amount of organic matter has accumulated in this layer. 
Between depths of 3 and 12 inches the soil is light yellowish-brown 
friable fine sandy loam which is somewhat porous, owing to the 
presence of many fine roots and root holes. Below this and continuing 
to a depth of 28 inches is heavy rather compact light yellowish-brown 
fine sandy loam containing splotches of white lime accumulation. 
This layer, like the one above, is porous. Between depths of 28 and 
40 inches the soil is similar to that in the layer above, but it is lighter 
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textured and contains more gravel. Below this layer the soil mate- 
rials consist of stratified alluvial-fan materials containing more or less 
scattered gravel. Scattered pebbles, which are coated with lime on 
the undersides, occur throughout the soil. The soil, with the under- 
lying alluvial-fan materials, stands in vertical columns where exposed 
along natural drainage courses and road cuts. 

Ralston fine sandy loam, alluvial-fan phase, occurs on alluvial fans 
having moderate or steep slopes, which have beon built up largely 
from materials washed down from the higher river and creek terraces 
to the inner edges of the lower terraces. Most of the materials are 
reworked Ralston soil materials, Soil of this phase has the same 
composition and the same color as the typical Ralston soils, but it 
has no definite layer of gravel in the substratum. Most of this soil 
lies in positions which are favorable to irrigation, although some of 
the land is too steep for best results. 

Natural drainage conditions average better on this soil than on any 
other soil in the Basin area, and in very few places is artificial drain- 
age necessary. The soil is well adapted to the production of all crops 
common to the region, but it is especially well adapted to beans and 
is being used for that purpose by a large proportion of the farmers. 
It is somewhat more productive than typical Ralston fine sandy loam, 
and the fact that it rarely becomes affected by alkali makes it more 
valuable than the typical soil, The main drawback to land of this 
kind is that it generally has a steeper slope and is therefore harder to 
irrigate than the typical soil. It is usually sold in connection with 
other soils, and where it constitutes a large proportion of a farm it 
raises the value somewhat. 

This soil is of moderate extent. A series of small fanlike areas 
occur along the lower edges of the higher terraces and uplands from 
Greybull to Worland, chiefly on the west side of the Big Horn River 
Valley. Similar strips of smaller extent occur along the terraces of 
Dry, Shell, and Nowood Creeks and Greybull River. 

Ralston fine sandy loam, gravelly phase-—Ralston fine sandy loam, 
gravelly phase, consists of very light textured gravelly fine sandy loam 
of pale brownish-gray color to a depth of about 20 inches. At that 
depth some accumulation of lime occurs, but it is not pronounced. 
Practically no compaction occurs in most of this soil as mapped in the 
Basin area, The substratum consists of a daposit of sandy gravel 
which is composed lar; oly of dark-colored igneous rocks. The soil is 
very leachy and is of Ritt e agricultural value, as it requires almost 
continuous irrigation to keep it moist. Sparse crops of alfalfa and 
sweetclover may be obtained from it. 

Small areas of this soil occur along the terraces of the rivers and 
creeks of the Basin area. 


RALSTON LOAM 


In its typical development the surface layer of Ralston loam con- 
sists of about 3 inches of pale-brown loam which in the virgin 
condition is highly laminated and full of fine pores. It crumbles in 
the hands into small thin flakes. A thick crust and mulch forms at 
the surface, and when the soil is under cultivation small seedlings 
have difficulty in breaking through. A few roots are present in the 
surface layer. Below this to a depth of 7 inches the soil is pale 
yellowish-brown friable lonm penetrated by a few roots and root 
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cavities. This material breaks up into irregular prisms and tends 
to stand in columns where exposed along stream banks and road cuts. 
The upper subsoil layer, whiali is about 10 inches thick, is light 
reddish-brown or yellowish-brown heavy compact loam full of black- 
ened roots and root holes. It breaks into prisms and stands in 
columns like the layer above. Between depths of 17 and 32 inches 
tho material is pale-brown friable loam containing much lime which 
is not segregated in the upper 3 inches. The lower part of this layer 
is highly mottled and splotched with white lime accumulation and 
also contains a noticeable amount of rotten gravel consisting of dark- 
colored igneous rocks. Many roots extend into this layer. In many 

laces an accumulation of gypsum occurs in the lower part of the 
ayer and in the upper part of the underlying material. The soil is 
entero by a substratum of dark-colored igneous river gravel and 
sand. 

In the locality where the sample described was taken, the substra- 
tum contained a rather large quantity of alkalisalts. This was owing 
to the fact that the sample was taken near irrigated land which had 
recently been affected by alkaliaccumulations. The alkali had been 
washed out of the upper layers but had not been washed from the 
lower ones. The soil contains lime carbonate throughout, but the 
lime is concentrated in the subsoil. Small quantities of gravel are 
scattered throughout the soil, and these are coated on the undersides 
with a crust of lime resembling a thick coat of whitewash. In some 
localities the thicknesses of the different layers vary somewhat from 
those given above. 

This soil occurs on the higher terraces of the rivers and large crecks 
of the area. In most places the surface is level or slightly undulating. 
The natural vegetation is sagebrush, winter fat, and some grama, these 
pint being replaced by grensewood where the land is affected by 
alkali, 

Natural drainage conditions of this soil are nearly the same as those 
of Ralston fine sandy loam, except that more of the Ralston loam 
occurs in slight depressions having poorer drainage. The same meth- 
ods of draining and the same system of ditches and tiles that are used 
for draining the fine sandy loam will take care of the loam, since the 
two soils are intimately associated. 

Practically all this soil which has been put under the ditch has been 
cleared and leveled for irrigation purposes, but there are many areas 
which are not now under cultivation because of alkali accumulation. 
The alkali-affected areas are especially numerous near Burlington. 
On the Emblem bench and on the terrace between Basin and Wor- 
land, drainage districts have largely taken care of the alka problem 
on this soil. 

Probably 50 per cent of the land of this kind is under cultivation, 
mainly to alfalfa which produces about 2 tons to the acre. The soil 
is especially woll adapted to the production of potatoes, but it is not 
being used for potatoes toa great extent in the Basin area. Thesame 
type of soil near Powell, in the Shoshone aren, produces as high as 
two hundred and fifty 100-pound sacks of potatoes to the acre. The 
plowing under of alfalfa, sweetclover, or barnyard manure is neces- 
sary to produce such yields, however. Beans produce nearly as well 
on this soil as they do on Ralston finesandv loam. Wheat vields from 
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30 to 60 bushels to the acre; barley sometimes yields as high as 100 
bushels, with perhaps an average of 60 bushels; and sugar beets pro- 
duce from 12 to 20 tons. Where free from alkali this soil is a some- 
what stronger general-farming soil than Ralston fine sandy loam. 

There is a wide range in the selling price of Ralston loam, depend- 
ing on the nearness to railroads and towns and on the presence or 
absence of allali. Where badly affected by alkali, soil of this kind, 
or any other soil type in the area, has no market value unless there 
is immediate prospect of reclamation by drainage. 

Ralston loam, poorly drained phase—The poorly drained phase of 
Ralston loam occurs in low places associated with the typical soil 
and with other members of the Ralston series. The soil is very wet 
during the irrigation season and puddles on the surface. The pro- 
file differs from that of typical Ralston Joam only in having reddish- 
brown iron stains and mottlings throughout. This soil is badly 
affected by accumulation of alkali salts. 

Most of the land was covered with grensewood before irrigation, 
but this plant dies out when the land becomes too wet, and tho soil 
now supports a growth of cattails, wild barley, foxtail, horsetail, and 
other moisture-loving plants. This soil is valued only for the rather 
poor pasturage it provides for cattle. It is being drained in some 

laces and will doubtless be nearly as productive as typical Ralston 
oam after the alkali has been washed out. Practically none of this 
poorly drained land changes hands unless it is sold with a farm which 
consists largely of better-drained soils. 

Soil of this phase is inextensive, small areas occurring near Bur- 
lington and on the Emblem bench. 

Ralston loam, stony phase-—Ralston loam, stony phase, is a non- 
agricultural soil, too stony to be plowed successfully. It resembles 
Ralston gravelly loam in profile but contains 30 per cent or more of 
cobblestones 3 or more inches in diameter. It supports a growth of 
rabbit brush, grama, and pricklypear, and it is valued only for the 
slight pasturage it affords. 


RALSTON CLAY LOAM 


The topmost 7 inches of Ralston clay loam consists of brown clay 
loam having a platy and fine-granular structure. On the surface is 
a thin crust which is underlain by a very fine granular mulch about 
Zinches thick. The crust and mulch are generally somewhat lighter 
textured than the soil directly beneath. Between depths of 7 and 
30 inches is very heavy compact light-brown clay loam containing 
many dark-colored roots ane many root holes. This layer is very 
sticky and plastic when wet. Below this and continuing to a depth 
of 40 or more inches is yellowish-brown or olive-drab fine sandy loam 
containing streaks of yellowish-white lime aceumulation. A few 
roots penetrate to this depth, and in many places some gypsum is 
present in the lower part of the layer. The substratum consists of 
dark-colored igneous river gravel and sand, with, in places, some 
lime accumulation in the upper part. The soil is calcareous through- 
out, but the lime is most concentrated in the subsoil. 

Ralston clay loam occurs associated with other members of the 
Ralston serics on the river and larger creek terraces. It lies in flat 
or depressed places and hence is more subject to alkali accumulation 
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than other members of the Ralston series. The land supports a 
growth of sagebrush and winter fat, the last being the more abundant. 
Alkali areas support a growth of greasewood. 

All the Ralston clay loam must be drained in order to prevent the 
accumulation of alkali. If this work is done at the time the land is 
put under irrigation little trouble with alkali ensues, but if it is left 
until alkali has accumulated, the land is returned to a state of produc- 
tivity with great difficulty because the presence of alkali salts tends 
to deflocculate the clay particles and cause puddling of the soil. 
Deflocculated clays are impervious to water, or nearly so, and it is 
very difficult to get the water to run downward through the soil and 
out into the drainage ditches. Under normal conditions the clay 
particles flocculate; that is, they cling togethor in groups and give 
the soil a granular structure. 

Where not affected by alkali this land has about the same agricul- 
tural adaptations as Ralston loam. It is harder to get a good stand 
of crops on this heavy soil, but when once started they produce yields 
fully os bountiful as those on the loam. The soil is not so well 
adapted to bean growing as it is to alfalfa, potatoes, grains, and sugar 
beets. Exceptionally good yields of grain are often reported on this 
soil, yields of 60 bushels of wheat and 100 bushels of barley being 
common. 

Ralston clay loam is not very extensive. Fair-sized_ areas occur 
east of Worland and on the Emblem bench between Emblem and 
Lower Emblem School. About 80 per cent of this soil is under cul- 
tivation. The land value is about the same as that of Ralston loam. 


RALSTON SANDY LOAM 


The upper 5 inches of Ralston sandy loam is pale grayish-brown 
or somewhat yellowish brown friable laminated sandy loam contain- 
ing many roots. In places a very thin crust occurs on the surface, 
bat this usually disappears when the land is plowed. The next 6- 
inch layer is light yellowish-brown very slightly compacted sandy 
loam or fine sandy loam containing many roots. This material breaks 
into rough, irregular, friable clods. Between depths of 11 and 28 
inches the soil consists of vertical streaks of yellowish-white loam and 
olive-drab sandy loam with yellowish-white splotches. Roots and 
root holes give this layer a porous character. ‘The white material in 
this layer consists mainly of accumulated soft lime carbonate which 
presumably has been, in part at least, carried down from above by 
percolating waters. The substratum consists of light olive-drab 
sandy gravel. In the upper part of this layer the gravel are coated 
on the undersides with white lime accumulation but in the lower 
part no visible lime is present. The substratum rests on sandstone 
and shale bedrock at a depth ranging from 5 to 15 feet, more com- 
monly at 5 fect than at 15. The soil contains lime throughout, but 
the upper two layers contain only very small amounts. In this soil, 
as in other members of the Ralston series, the thicknesses of the dif- 
ferent layers vary somewhat from this typical profile. 

Ralston sandy loam, like the other members of the Ralston series, 
occurs on the higher terraces of the rivers and larger creeks, in undu- 
lating or slightly rolling areas which render the soil well suited to 
irrigation. The land supports a natural growth of sagebrush, rabbit 
brush, grama, needle grass, and in places a little winter fat. 
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Drainage conditions are the same as on the Ralston fine sandy 
loam. The only large area of the sandy loam under cultivation is 
just east of Worland. Here a system of tile drains keeps the water 
table sufficiently low to allow the production of all crops common to 
the region. 

This soil is suited to the same crops as Ralston fine sandy loam, 
but it is perhaps not quite so productive as that soil, as it is some- 
what lighter textured and averages a little shallower. Ralston sandy 
loam should bring about the same price as, or slightly less than, 
Ralston fine sandy loam when distance from markets, drainage, and 
other factors are the same. About 70 per cent of this soil is farmed 
at the present time. 

The largest area of Ralston sandy loam extends northeast and 
southwest from a point about 1 mile east of Worland. An area of 
this soil is about 6 miles southwest of Burlington. 

Ralston sandy loam, poorly drained phase.—The poorly drained 
phase has essentially the same profile as typical Ralston sandy loam, 
except that the profile of the poorly drained soil shows more or less 
mottling of reddish-brown iron stains. In many places a very thin 
coating of black decomposed organic material covers the surface. 
The soil is wet for a large part of the year and is puddled at the 
surface. It generally contains accumulations of alkali salts. 

This poorly drained soil supports a growth of wild barley, foxtail, 
horsctail, and other moisture-loving plants. The only use to which 
the land can be put in its present condition is pasture ground for 
cattle and horses. Practically all of it can be reclaimed by ditching 
and tiling to lower the water table and leach out the soluble salts. 
After such treatment, this soil should become practically as produc- 
tive as the typical soil. 

Soil of this phase is inextensive. It occurs west and northwest of 
Burlington and northwest of Lower Emblem School. 


RALSTON GRAVELLY LOAM 


The 6 or 8 inch surface soil of Ralston gravelly loam consists of 
light-brown or pale grayish-brown mellow gravelly loam. The upper 
subsoil ayer consists of moderately compact dull brownish-gray or 
dull grayish-brown loam or clay loam, which is rather calcareous and 
‘enicd has a slight suggestion of a jointed or columnar structure. 
Tho lower subsoil layer, to a depth of 40 or more inches, consists of 
brownish-gray compact gravelly sandy loam or gravelly loam which 
is very calcareous. Below this depth the material is less calcareous 
and somewhat less compacted or cemented. The alluvial deposits 
rest on sandstone or shale at depths ranging from 6 to more than 20 
feet. Gravel and cobbles in the lower part of the subsoil constitute 
from 40 to 60 per cent of thesoilmass. The gravel consists of rounded 
waterworn fragments of granite, limestone, and dark igneous rocks. 

Ralston gravelly loam occupies gently sloping or almost flat alluvial 
terraces. A few areas are eroded and have become rolling or hilly. 
Drainage is excessive under natural conditions, and under irrigation 
this soil requires more water than the heavier-textured soils of the 
series. Less than 1 per cent of the land is under cultivation, and it 
produces fair yields of wheat, oats, and alfalfa. Alfalfa, on account 
of its deep rooting system, is better adapted to this soil than are the 


SOIL SURVEY OF THE BASIN AREA, WYOMING 21 


shallower-rooted crops. Uncultivated areas are covered with a sparse 
growth of native grasses, sagebrush, and rabbit brush. 


BILLINGS FINE SANDY LOAM 


The surface soil of Billings fine sandy loam consists typically of 
about 8 inches of pale yellowish-brown or brownish-gray strongly 
calcareous fine sandy loam. Itis laminated and breaks up readily into 
small flakes but when moist loses its structure. A thin crust forms 
on the surface after every rain, even where the soil has been plowed. 
This crust is not thick enough, however, to interfere with the growth 
of seedlings. Between depths of 8 and 20 inches is very pale grayish- 
brown slightly compacted heavy fine sandy loam containing many 
roots and root cavities. A few flecks of lime occur in this layer, but 
nowhere in the area do the typical soils of the Billings series show a 
well-defined layer of lime accumulation. Below this and extendin 
to a depth of several feet the soil material is arranged in stratifie 
layers of fine sandy loam, loamy sand, and loam. Many of the root 
holes in the upper parts of these layers are lined with lime accumula- 
tion. The colors remain about the same as in the upper layers of the 
soil. The soil is strongly calcareous throughout. Along the borders 
of natural drainage courses and along road cuts and canal banks the 
soil material stands in vertical columns. 

Billings fine sandy loam occurs in large areas between the river 
terraces and the uplands, on some of the lower terraces, and alon 
the courses of the smaller streams. Most of the areas occupy broa 
gently sloping or nearly flat alluvial fans. The parent material of 
the soil is formed largely from the weathering of the shales and 
sandstones of the uplands. 

The relief renders this soil well suited to irrigation. Winter fat 
grows on the broad alluvial fans and some sagebrush and grama grow 
on areas bordering the small streams. 

Natural drainage conditions on practically all the Billings fine sandy 
loam are good, but in most places a system of open drainage ditches 
is necessary to keep the land from accumulating alkali salts. In 
small isolated areas of this soil surrounded by deep natural gullies, 
artificial drainage is unnecessary. The use of tile drains is not suc- 
cessful in most places because the tiles become filled with fine soil 
material. In some places the soil has a deep substratum of gravel, 
in which tile drains may be placed. 

Probably 75 per cent of the total area of Billings fine sandy loam 
is under cultivation. The most important crops are alfalfa, grains, 
sugar beets, and beans. (Pl.1, A.) Alfalfa produces an average of 
about 2 tons an acre, sugar beets from 12 to 18 tons, and beans from 
1,200 to 2,500 pounds. Wheat averages about 30 bushels and bar- 
ley about 60 bushels. The soil is low in organic matter, as are all 
soils of the Basin area, and this is ordinarily supplied by plowing 
under alfalfa or sweetclover or by using auable manure. The soil is 
prized very highly by farmers. 

Areas of Billings fine sandy loam are widely distributed throughout 
the Basin aren. The land sells at good prices where improved and 
where there is no appreciable accumulation of alkali, but lower prices 
prevail where the land is affected by alkali. 

Billings fine sandy loam, dark-colored phase-—The dark-colored 
phase of Billings fine sandy loam is similar to the typical soil in every 
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respect except color. The soil throughout is prevailingly dark olive 
drab, owing to its occurrence on alluvial fans, the material of which 
has been washed from dark olive-drab shales and sandstones. Very 
little of this dark-colored soil is under cultivation, but it is probably 
slightly less productive than typical Billings fine sandy loam. Small 
areas occur near Ten Sleep. Winter fatis the principal natural growth. 

Billings fine sandy loam, brown phase.—Soil of this phase very 
closely resembles typical Billings fine sandy loam, the principal 
difference being its browner color. Itis intermediate in color between 
soils of the Billings and soils of the Meeteetse series. In general, the 
layer of lime accumulation is fairly well defined. 

The 8-inch surface soil consists of light yellowish-brown or pale 
reddish-brown porous fine sandy loam containing many fine roots. 
It is slightly Inminated in the upper part and is covered with a thin 
crust of somewhat lightcr-colored material when dry. The upper 
subsoil layer, which is about 12 inches thick, is light yellowish-brown 
heavy somewhat compact fine sandy loam containing some white 
spots of lime accumulation. This layer contains many roots and 
root holes and is rather porous. From a depth of about 20 inches 
to a depth of several feet interstratified layers of yellowish-brown 
and of olive-drab fine sandy loam occur. Plant roots extend to a 
great depth in this material which rests on shales and sandstones at 
a depth ranging from 5 to 10 or more feet. The soil is calcareous 
throughout, and it stands in vertical columns where exposed along 
the intermittent drainage courses and creek banks. In a few places 
a gravel layer occurs at a depth ranging from 4 to 6 feet. 

As mapped, the soil includes small areas which have become marshy 
under irrigation. ‘These can be reclaimed by drainage and the grow- 
ing of alkali-resistant crops for a few years. Areas of this character 
fe hg west of Otto and are indicated on the map by marsh 
symbols. 

The topographic features of this soil are similar to those of typical 
Billings fine sandy loam. This brown soil occurs on broad gently 
sloping alluvial fans, along the lower terraces of the larger creeks and 
rivers, and in some places along the smaller drainage courses. It is 
admirably suited to irrigation but must have a network of drainage 
ditches to take care of the waste waters and prevent the accumula- 
tion of alkali. The natural vegetation is winter fat, grama, and in 
places sagebrush. About 75 per cent of the land is now under culti- 
vation, and a large part of the remainder could be irrigated by the 
present system of ditches. Much of the uncultivated land contains 
too much alkali and must be drained and washed free from alkali in 
order to render it productive. 

The soil is adapted to the same crops as are grown on typical 
Billings fine sandy loam, and slightly higher yields are produced on 
the aliealictree areas. It is especially well adapted to the production 
of beans and is being increasingly used for that purpose. Since much 
of the land lies a long distance from the railroad, bect growing is not 
practiced to great extent. 

The largest areas of this brown soil are along the Greybull River 
Valley near Otto, along De Creek, and southeast of Emblem, and 
smaller areas are scattered along the alluvial fans bordering Big Horn 
River and Paint Rock Creek Valleys. 
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This soil is valued at about the same prices as typical Billings fine 
sandy loam where distances to markets, alkali conditions, and other 
factors are the same. 

BILLINGS LOAM 


To a depth of 7 inches Billings loam consists of light olive-drab 
laminated rather friable loam which becomes light grayish brown or 
brownish gray when dry. It has a thin surface crust of very fine 
sandy loam underlain by a fine-granular mulch. Between depths of 
7 and 20 inches is very pale olive-drab or brownish-gray compact 
cloddy fine sandy loam or loam. Below this and continuing to a 
depth of several foet is o series of stratified materials consisting mainly 
of finesandy loam andloam. The soil is strongly calcareous through- 
out, and in places the numerous root holes shiek penetrate to con- 
siderable depths are lined with lime. Except in a few poorly drained 
areas, no layer shows visible accumulation of organic matter. Where 
this soil is exposed in road cuts and along stream courses it stands 
in vertical columns. 

Billings loam occupies positions similar to those in which Billings 
fine sandy loam occurs, between the uplands and the river terraces, 
along the smaller strenm courses, and on the lower terraces of the 
larger crecks and rivers. In most places the slope is long and gentle, 
and most of the land is admirably suited to irrigation. Natural 
vegetation is mainly winter fat, with greasewood covering spots in 
which appreciable amounts of alkali occur. 

Natural drainage of this soil is good in most places but not so thor- 
ough as in the fine sandy loam. Itis usually necessary to install a 
system of open drains, however, when the jand is irrigated, as areas 
consisting mainly of this soil are almost sure to become affected by 
alkali if the land is not ditched. Where the soil occurs on alluvial 
fans of moderate slopo less trouble is experienced from this source, 
but locally poorly drained alkali-affected ureas have developed in the 
flatter situations. 

About 60 per cent of the Billings loam mapped in the Basin area is 
under cultivation, Some of the remaining 40 per cent is above the 
levels of the present canals, and there are many arenas which contain 
too much alkali for the production of crops. Many of these arens 
will doubtless be reclaimed in the future The soil is very produc- 
tive and is suited to practically all crops which can be grown in this 
part of the country. It produces higher average yields of giains and 
beets than does Billings fine sandy loam and gives similar yields of 
beans and alfalfa. 

Land of this kind sells at about the same prices as Billings fine 
sandy loam or a trifle higher. Some farmers on this type of soil have 
averaged about $20 profit an acre n year over a period of 20 years 
by growing alfalfa, barley, bects, and beans, where manure has been 
emptied to the land-and where alfalfa has occasionally been plowed 
under. 

Billings loam, dark-colored phase —The surface layer of Billings 
loam, dark-colored phase, consists of a 3-inch layer of dark olive- 
drab loam in the form of a fine-granular mulch. A gray crust about 
one-fourth inch thick covers the surface. Below the surface layer 
and continuing to a depth of about 10 inches is dark-gray heavy- 
textured laminated material which contains a few splotches of white 
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lime accumulation. This layer is rather compact. It is underlain 
by strata of dark-gray clay loam and clay which have been washed out 
from the adjacent gray shale hills. In most places this material 
contains a rather large accumulation of gypsum. ‘The soil is calca- 
reous throughout. It is columnar in structure. 

This soil supports a winter fat and greasewood vegetation. A large 
pe ortion of the land is affected by accumulations of alkali. The 
and is very difficult to drain, and only a few farmers have been able 
to successfully cultivate it on this account. In somo places the tex- 
tures of the substrata are not so heavy as those described, and in 
such places less trouble from alkali is experienced. The same crops 
are produced on this soil as on typical Billings loam, but average 
yields are much jower, though in a few places the dark-colored soil 
is very productive. Only a very small acreage is under cultivation. 

Most of this soil is on the east side of Big Horn River. Scattered 
areas occur between Shell Creek and Basin and along Shell Creek 
between Greybull and Shell, and o few areas are near Bonanza and 
Ten Sleep on Nowood Creck. 

Billings loam, brown phase—The upper 4 inches of the brown 

hase of Billings loam consists of pale reddish-brown or yellowish- 
Frew laminated loam, with a thin surface crust and mulch where 
the soil is in a virgin condition. The next 6-inch layer is slightly 
compact light yellowish-brown loam which breaks into small imper- 
fectly prismatic clods which in some places are very thinly covered 
with reddish-brown colloidal material. Tho presence of many root 
holes makes this layer rather porous. Between depths of 10 and 15 
inches tho soil is about the same as in the layer above except that it 
is more friable and contains a few mottlings of white lime accumula- 
tion. From a depth of 15 inches and continuing to a depth of several 
feet are alternating strata of light ycllowish-brown loam and fine 
sandy loam, the loam predominating. Roots extend into these strata 
to a depth of Ue ane feet. The soil is rather strongly calcareous 
throughout and holds up in vertical columns in road cuts and along 
stream courses. In a very few places this soil is underlain by a thin 
gravel layer at a depth ranging from 4 to 6 feet. 

Soil of this phase occurs on gently sloping alluvial fans which bor- 
der the river terraces next to the uplands and along the courses of 
the creeks, well above the first bottoms. Drainage conditions are 

ractically the same as on the brown phase of Billings fine sandy 
oam. Artificial drainage is necessary to insure against the accumu- 
lation of alkali. Sagebrush and winter fat constitute the principal 
vegetation on the virgin soil. 

All external factors being equal, this soil is perhaps slightly 
stronger than typical Billings loam. Itis adapted to the same crops 
and will produce slightly better yields where no alkali interferes. 
The land sells for prices approximately equal to those of typical Bill- 
ings loam. 

The larger areas of this soil occur in the valley of Greybull River 
in the vicinity of Otto and westward from that place. Areas are 
southeast of Emblem and widely scattered over the Basin area in 
association with soils of the Meeteetse, Billings, and Greybull series. 
Some bodies of this soil west of Otto have become marshy and badly 
affected with alkali and in their present condition are useless except 
for pasture. 
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The topmost 14-inch layer of Billings clay loam is a mulch of pale 
olive-drab very fine granular clay loam covered by a thin crust of 
silt loam of lighter color. Below this and continuing to a depth of 
about 10 inches the soil is light olive-drab laminated clay loam. A 
few fine roots occur in this layer, but the soil is too impervious for 
many roots to pierce. From a depth of 10 inches to a depth of sev- 
eral feet the soil is heavy cloddy clay loam or clay which is very 
compact and slowly permeable by water. A few spots of pypsum 
crystals occur in this layer. The soil, as a whole, is more or less cal- 
carcous, but there is no visible accumulation of lime in any layer. 
The subsoil contains somewhat more lime than the wep layers, 2s 
is indicated by the reaction with hydrochloric acid. In a very few 
places the lowest layer contains interstratified materials of lighter 
texture. Most arens are slightly affected by alkali, the removal of 
which is very difficult. 

Most of this soil occupies gently sloping alluvial fans and slight 
depressions. Natural drainage conditions range from good to fair, 
but where irrigated the land very frequently accumulates alkali. 
Open drainage ditches are used in some places with good results, but 
on much of the soil no practical way has yet been found to prevent 
the accumulation of alkali. The natural vegetation, consisting of 
winter fat and greascwood, makes only a sparse growth. 

Where the soil is well drained and ‘free from alkali, excellent crops 
of alfalfa, grains, sugar beets, and even beans are produced. The 
soil is well suited to the first three crops and will produce fully as 

ood yields as Billings loam. Beans sometimes do very well on this 
and but they are better adapted to the fine sandy loam and loam of 
the Billings series. There is often much difficulty in getting a stand 
of beans on this soil because of the hard crust which forms on the 
surface after the soil has been moistened by rain or by irrigation 
water. 

For soil improvement, the land is given applications of barnyard 
manure and alfalfa and sweetclover are plowed under. 

Land of this kind in a good state of productivity has a fair market 
value, but unimproved land has a very low value and is used only for 
sheep pasture during the winter. 

The largest areas of this soil are east of Big Horn River between 
the Rairden and Randall beet dumps. Other areas are south and 
southwest of Worland, just north of the State industrial school, and 
scattered in other localities. The soil is associated with other 
members of the Billings series. 

Billings clay loam, poorly drained phase.—Billings clay loam, poorly 
drained phase, occurs in natural depressions where the soil becomes 
wet as soon as the land is put under irrigation and the soil materials 
puddle or run together and become very sticky. Alkali accumulates 
1n large quantities, and the land becomes worthless for any purpose 
except as very poor pasture for cattle. This soil has fundamentally 
the same profile characteristics as typical Billings clay loam, except 
that it contains a few mottlings of reddish-brown iron stains and in 
places a thin accumulation of organic matter occurs on the surface. 
This soil is very difficult to drain, owing to its heavy texture and 
plastic consistence, but drainage has been successfully accomplished 
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in a few places. The vegetation on this soil is the same as that on 
the poorly drained phase of Billings fine sandy loam. 

Areas of this soil occur south and east of Manderson, northeast of 
Bonanza, at various points between the Rairden and Mott bect 
dumps, in small areas between Table Mountain and Emblem and 
Lower Emblem Schools, and elsewhere in widely scattered areas. 

Billings clay loam, brown phase-—To a depth of about 9 inches 
the brown phase of Billings clay loam is typically reddish-brown, 
yellowish-brown, or dull-brown clay loam. <A thin crust covers the 
surface, and about a 1-inch layer of very fine granular mulch is 
beneath the crust. The surface soil breaks fairly readily into coarse 
flat grains and is easy to cultivate when not too wet. Between 
depths of 9 and 15 inches the soil is light olive-drab fine sandy loam 
interstratified with reddish-brown fine sandy loam, which when 
crushed together become olive-drab in color. Below this, and con- 
tinuing to a depth of 36 or more inches, is mottled olive-drab and 
reddish-brown clay loam containing splotches and streaks of white 
gypsum crystals. Stratified allivial-fan materials underlie this 
material at varying depths. In some places the predominating 
color of the soil is yellowish brown instead of reddish brown. 
Although no fixed sequence of layers occurs, the profile described 
is fairly typical of this soil. The reddish-brown color seems to be 
caused by a thin coat of red clay particles on the surfaces of the soil 
grains and clods. When the soil in any layer is crumbled in the 
fingers the color becomes typical of soils of the Billings series. 

This phase of Billings clay loam occurs mainly on alluvial fans in 
association with other members of the Billings series. The principal 
vegetation is winter fat, and greasewood flourishes where the soil con- 
tains harmful quantities of alkali. 

This soil is similar to typicul Billings clay loam, but it generally 
has lighter-textured substrata and hence can be drained more effec- 
tively, and for this reason if is much more productive than the typical 
soil, It is especially well suited to the growing of sugar beets, and 
areas near enough to the railroads to make beet growing profitable 
are used to large extent for that purpose. Where sold alone this soil 
has a value similar to or slightly lower than that of Billings loam. 

This is not an extensive soil. One large area, more than half of 
which is affected by alkali, occurs north and west of Eccles beet 
dump. Other areas are northwest. of Burlington and northwest of 
Manderson. 

Billings clay loam, dark-colored phase —The dark-colored phase of 
Billings clay loam is derived from materials washed out from the dark- 
gray shales of the Basin area. The profile is essentially the same as 
that of typical Billings clay loam, except that the dark-colored phase 
is very dark olive drab or dark gray. ‘This soil contains more gypsum 
than the typical soil. The topmost 3 inches is a mulch of dark olive- 
drab very fine granular clay loam covered with a thin crust of pale 
grayish-brown very fine sandy loam. Between depths of 3 and 8 
inches is dark-gray or dark olive-drab clay containing much gypsum. 
Between depths of 8 and 24 inches is dark olive-drab clay which 
breaks into small angular clods and contains a large quantity of 
gypsum. Below this and continuing to a depth of several fect are 
alternating layers of dark-gray silty clay and dark olive-drab loam 
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spotted with alkali and gypsum crystals. The soil is calcareous 
throughout and in most places contains more or less alkali. 

Greasewood is the principal vegetation on this soil. Very little of 
the Jand is under cultivation, and where cultivated great difficulty 
is experienced in trying to overcome alkali. A few spots of land in 
the cultivated areas, which do not contain alkali, produce excellent 
crops, but on most of this land nothing will grow because of the 
excessive amount of alkali. No method has yet been devised for 
washing out the alkali in soils as heavy as this. 

Rather large areas of this soil occur east and northeast of Basin, 
and along Shell and Paint Rock Creeks. Land values are in general 
very low. 

WORLAND FINE SANDY LOAM 


The topsoil of Worland fine sandy loam is pale grayish-brown 
laminated loamy fine sand containing many grass roots and a very 
small amount of organic matter. In many places this layer is absent, 
owing to wind erosion, Between depths of 6 and 10 inches the soil 
is heavy somewhat compacted friable fine sandy loam which breaks 
up into small prisms, the surfaces of which are reddish brown and 
the insides reddish yellow. The many roots and root holes in this 
layer make it rather porous. Below this, and continuing to a depth 
of 22 inches, is light olive-drab friable fine sandy loam mottled 
with reddish brown and grayish white, the last-named color being 
due to the presence of accumulated lime. This layer is very friable 
and contains many roots. Between depths of 22 and 34 inches the 
soil is similar to that of the layer above except that the reddish-brown 
mottling is lacking. At a depth of about 34 or 36 inches the parent 
materia] is reached. This consists of rotten fine-grained olive-drab 
sandstone which in the upper part is sufficiently soft to allow the 
passage of roots. Lime accumulation extends well into this layer. 
This soil is caleareous throughout, but the upper three layers are 
only slightly so. ‘The soil stands in vertical columns where expesed. 

Worland fine sandy loam occurs on gently sloping or slightly hilly 
uplands. Most of it would be well suited to irrigation, but it would 
probably need draining to insure against accumulation of alkali. It 
supports a fairly thick growth of sagebrush, grama, and needle grass. 
A little winter fat may be found here and there, as well as occasional 
clumps of rabbit brush. Natural drainage is good. 

Most of the Worland fine sandy loam lies outside of present irriga- 
tion projects, but very good stands of beans, alfalfa, and beets were 
observed where the land is under cultivation. If the larger arens of 
this soil are ever irrigated it will probably be necessary to pump water 
to them because of their high position. This would probably not be 
economical at present crop prices, but it may be feasible in the future. 
This land should be especially well suited to the growing of beans, 
alfalfa, and beets, and for these crops it would probably be equal or 
superior to any other soil in the area. 

Only a few square miles of Worland fine sandy Joam are mapped. 
Most of the larger areas occur northeast, east, and southeast of Wor- 
lend at distances ranging from 3 to 8 miles. None of this land is 
aaene hands at present. It is being used as winter pasture for 
sheep, 
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To a depth of 3 inches Worland loamy fine sand consists of pale 
brownish-gray fine sand. It is underlain by a 9-inch layer of walla 
ish-brown or pale reddish-brown loamy fine sand which is very slightly 
compacted. The next 8 inches of soil is yellowish-brown loamy fine 
sand somewhat streaked with lime accumulation and fairly compact. 
The lime accumulation increases below this layer to a depth of 30 
inches, where it begins to decrease. At a depth of 40 inches no visible 
lime remains and the soil is pale-gray loamy fine sand which appears 
to be made up of a large variety of minerals. The soil is calcareous 
throughout, with lime concentrated in the middle layers. Where 
exposed along road cuts it stands in vertical columns. 

This soil lies in positions similar to those occupied by Worland fine 
sandy loam. In some places, however, it is more hilly. Large areas 
should be easy to irrigate if water could be obtained for the purpose, 
but practically all the soil lies above the present canals and it is 
unlikely that water can be put on the land by gravity. Natural 
vegetation consists mainly of sagebrush, rabbitbrush, grama, and 
needle grass. 

Natural drainage ranges from good to excessive, and the soil is 
rather leachy in many places. It would probably require a large 
amount of water for irrigation. 

Where cultivated the soil is very productive and is well adapted 
to alfalfa, beans, and sugar beets. It occurs in the same general 
localities as Worland fine sandy loam, with which it is intimately 
associated. It is slightly more extensive than the fine sandy loam. 


MEETEETSE FINE SANDY LOAM 


To a depth of 8 inches Meeteetse fine sandy loain consists of pale 
reddish-brown or pinkish-brown laminated and very friable fine sandy 
loam. <A large number of grass roots permeate this layer, and there 
is a very slight accumulation of organic matter. The next 3 inches 
of soil is pale reddish-brown slightly compact fine sandy loam which 
is rendered rather porous by the presence of many grass roots and 
cavities left by dead roots. Below this, and contmuing to a depth 
of 17 inches, is very pale grayish-brown very fine sandy loam with a 
somewhat pink cast. Tho material of this layer is interbedded with 
fine sandy loam of the same color, and a few streaks of lime accu- 
mulation occur along the planes of stratification. In some places 
this layer has a. more pronounced zone of lime accumulation at approx- 
imately the same depth. Extending from a depth of 17 inches to a 
depth of several feet the soil material consists of red or pink alluvial- 
fan materials In many places remains of sagebrush occur at various 
depths, showing that the surface of the land is being gradually built 
up. The soil is strongly calcareous throughout, and where exposed 
in deep cuts it stands in vertical columns. 

Mecteetse fine sandy loam occurs in positions similar to those in 
which the soils of the Billings series occur, that is, on gently sloping 
alluvial fans adjacent to the uplands from which the soil material is 
derived. The uplands from which the Meetectse soil materials are 
dived are composed of red shales interstratified with pale-gray 
sands. 
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This soil is admirably suited to irrigation. In a virgin state it 
supports a growth of sagebrush, grama, and pricklypear. Natural 
dramage on most of the land is good, but in some places imperfect 
drainage has caused an accumulation of alkah. As with the Billings 
soils, it is advisable to plan for artificial drainage when the land is 
first irrigated. 

Very little of this soil in the Basin area is under cultivation, but 
it has proved n very productive soil in other arcas. It is well suited 
to the production of all crops of the region, especially beans, alfalfa, 
potatoes, and grains. It should be fully as productive as the brown 
phase of Billings fine sandy loam and should be just as valuable 
when put under cultivation. 

This soil is very inextensive. A number of small) areas occur near 
the point at which Dry Creek enters the western end of the area 
surveyed, and several areas are east and northeast of Burlington. 

Meeteetse fine sandy loam, gravelly subsoil phase —The surface layer 
of the gravelly subsoil phase of Meeteetse fine sandy loam is like that 
of the typical soil. It is underlain by a reddish-brown somewhat 
compact and cloddy layer of fine sandy loam showing some lime accu- 
mulation. From a depth of about 10 or 12 inches and extending into 
the underlying gravel Jayer is a zone which is very rich in accumu- 
lated lime. Ata depth ranging from about 18 to 30 inches uo layer 
of gravel, consisting mainly of limestone, occurs. This lnyer contains 
lime in the interstices and much soil material of various light tex- 
tures intimately mixed with the gravel. 

Soil of this alae occurs in association with typical Meetectse fine 
sandy loam and is about equal to that soil in value. It can be suc- 
cessfully drained with tile. 


MEETEETSE LOAM 


Where typically developed, about 3 inches of light reddish-brown 
platy loam covered with a thin crust of very fine sandy loam consti- 
tutes the topsoil of Meeteetse loam. In many places, however, the 
topsoil is as much as 8 inches in thickness. Below this layer and 
extending to a depth of about 11 inches the soil is compact cloddy 
light reddish-brown loam, mottled more or less with white accumu- 
lated lime. The clods of this layer are thinly coated with reddish- 
brown colloidal material. Between depths of 11 and 35 inches is 
light grayish-yellow very fine sandy loam which forms clods that can 
be easily Ronee in the fingers. This layer contains a small amount 
of lime accumulation which resembles mold. Below this the soil 
consists of stratified alluvial-fan materials. In many places the soil 
color froin a depth of 11 inches to a depth of several feet is red or 
pink instead of prevailingly yellow. The soil is calcareous through- 
out, but the lime is concentrated in the upper part of the subsoil. 

In conjunction with other members of the Meeteetse series this 
soil occupies the alluvial fans, which are underlain by interstratified 
red shales and pale-gray sands, adjacent to the uplands. 

Natural vegetation consists of winter fat, grama, pricklypear, and 
some sagebrush. The soil is well suited to irrigation, provided 
drainage ditches are installed to take care of the excess water. On 
most of the soil natural drainage is good, but undoubtedly more or 
less trouble would be experienced from alkali if irrigation were 
attempted without artificial drainage. 
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The soil is not cultivated to a great extent, but the few cultivated 
areas are fairly productive, being fully equal to Billings loam in this 
respect. The cultivated land is used chiefly for alfalfa but would 
doubtless be well suited to potatoes, grains, beans, and sugar beets. 
None of the soil occurs near enough to the railroad for the production 
of sugar beets to be profitable. 

Only a small total area of Meeteetse loam is mapped in the Basin 
area. The largest bodies are in the extreme western end of the area 
along the Yellowstone Highway. Several small bodies surround 
Table Mountain northenst of Burlington, and a few small areas are 
along Shell Creek in the extrome northeastern part of the area 
surveyed. 

As mapped this soil includes one small areca on the western bound- 
ary, adjoining the Shoshone aren, which has a gravelly subsoil similar 
to that of the gravelly subsoil phase of Meeteetse fine sandy loam. 
It also includes small areas of Meetccetse silt loam which join with 
Meeteetse silt loam areas of the Shoshone area, the silt loam being 
too inextensive in the Basin area to warrant recognition as a distinct 
soil type. 

MEETEETSE CLAY LOAM 


The surface soil of Meetcetse clay loam consists of a 2 or 3 inch 
layer of reddish-brown cloddy clay loam, with a thin crust, underlain 
by about a 6-inch layer of similar soil mottled with limy material. 
Beneath this, where the soil is typically developed, is a 4-inch layer 
of light reddish-brown loam mottled with lime, and another layer, 8 
inches thick, of reddish-brown silty clay loam or clay loam, mottled 
with white gypsum crystals. Between depths of 20 inches and sev- 
eral feet are stratified somewhat red alluvial-fan materials. The 
soil is calcareous throughout, and the structure is columnar. 

This soil lies in positions similar to those occupied by other mem- 
bers of the Meeteetse sories. None of tho land is at present under 
cultivation. It occupies only 1.2 square miles in the area, occurring 
in small bodies in the northern and western parts of T. 52 N., R. 97 
W., and along the Yellowstone Highway near the western boundary 
of the area. 

Under cultivation this soil would probably be inferior to other 
members of the Meotcetse series and would doubtless be more or less 
affected by alkali accumulation. In its virgin condition it affords 
pasturage of winter fat which makes a good winter feed for sheep. 


CHIPETA FINE SANDY LOAM 


The soils of the Chipeta serics arc, with the exception of the gravelly 
subsoil phases, largely residual from the underlying rocks. The top- 
soils consist locally of transported alluvial wash material, but the 
subsoils are derived from underlying pale yellowish-gray sandstones 
and shales. 

The topmost 3 inches of Chipeta fine sandy loam is pale yellowish- 
gray strongly calcarcous laminated loamy fine sand covered by a thin 
crust of pale brownish-gray fine sandy loam. This layer is underlain 
by a 2-inch layer consisting of yellowish-brown platy and slightly com- 

act somewhat granular fine sandy loam which contains some accumu- 
ation of lime in the form of white mottlings. The next 3-inch layer 
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is olive-drab very fine sandy loam, in many places mottled with reddish- 
yellow iron stains and white gypsum crystals. This layer is strongly 
calcareous, but there is no visible segregation of lime. Between depths 
of 8 and 12 inches the soil has the same appearance as the layer above, 
but the acid test shows no evidence of lime. The olive-drab color 
becomes more pronounced with depth, and at a depth of 36 inches or 
less olive-dral fine sandy loam or very fine sandy loam derived from 
weathered sandstone occurs. Ataslight increaso in depth this matc- 
rial merges with bedrock of loosely cemented sandstone. In many 
parts of the area harder sandstone is reached at a depth ranging from 
18 to 36 inches, and in such places the other layers are correspond- 
ingly thinner than those described. In other places the sandstone 
rock is replaced by somewhat sandy weathered shale material. In 
a very few places the parent rock is calcareous. 

As mapped, this soil includes small undifferentiated areas of Chipeta 
very fine sandy loam which join with that soil in the Shoshone area. 

Areas of Chipeta fine sandy loam range from gently sloping to hilly, 
most of the land having a moderate slope, and for this reason the 
soil is well suited for irrigation. 

Natural vegetation consists of scattered sagebrush and a fairly 
thick growth of winter fat. In some places a fair stand of grama 
grows, and in others shadscale is common. 

Natural surface drainage ranges from good to excessive. Under 
irrigation, however, most of the depressed areas and lower slopes 
become seepy and accumulate large quantities of alkali salts which 
come from the parent rocks. Drainage is not usually practical in 
such localities because of the shallowness of the soil and the imper- 
viousness of the parent rocks. In other areas fair crops of alfalfa 
and grains are produced on the hillsides, but large areas of the soil 
become affected with alkali in a short time after irrigation is started. 
Very little of this soil is under irrigation in the Basin area, 

The soil is fairly extensive in the northern part of the area, large 
bodies having been mapped a few miles west of Basin, northeast of 
Otto, between Greybull River and Dry Creek, and in the northeastern 
part of T. 52 N., R. 98 W. Small areas are east of Greybull along 
the edges of Shell Creek Valley. 

Chipeta fine sandy loam, gravelly subsoil phase —The surface soil of 
of the gravelly subsoil phase of Chipeta fine sandy loam to a depth 
ranging from 7 to 9 inches consists of light grayish-brown mellow fine 
sandy loam which is only slightly calcareous. In most places it con- 
tains some gravel, though nowhere in sufficient quantity to interfere 
with cultural operations or to greatly modify the physical character 
of the soil. Small gravelly mounds at the mouths of prairie-do 
holes dot the surface of this soil in most places. The upper subsoil 
layer consists of light grayish-brown or brownish-gray moderately 
calcareous and slightly compacted fine sandy loam or loam. This 
material contains some gravel, which increase in quantity with depth 
until at an average depth of about 20 inches the subsoil is compact 
brownish-gray gravelly loam or gravelly fine sandy loam. ‘This 
material is very calcareous, and the gravel are more or a completely 
incrusted with lime. At a depth ranging from 36 to 48 inches the 
gravelly layer rests on partly weathered shale or sandstone material, 
which grades into the parent rock at a slightly greater depth. 
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The surface is smooth except on locally eroded areas, and the soil 
is well suited to irrigation practices except for the danger of alkali 
accumulation. Drainage is good under natural conditions but would 
probably not be sufficient under irrigation. 

Soil of this pose is developed from transported materials derived 
largely from shales and sandstones. It is well weathered and in the 
deeper part contains a slight amount of soil of residual character. 
The gravel in the soil are largely of limestone origin, with less quan- 
tities of quartzite and basic and acid igneous rocks. 

This soil is associated with typical Chipeta fine sandy loam, and a 
small area joins with an area of that soil in the Shoshone area. 


CHIPETA GRAVELLY FINE SANDY LOAM 


The surfaco soil of Chipeta gravelly fine sandy loam to a depth 
ranging from 6 to 9 inches consists of light grayish-brown gravelly 
fine sandy loam which, as a rule, contains a slight organic-matter 
accumulation in the upper 1 or 2 inch layer. The material in this 
layer is only slightly calcareous, is granular and friable, absorbs 
moisture readily, and works up to a fine-granular structure under 
cultivation. The subsoil to a depth ranging from 12 to 15 inches 
consists of slightly calcareous and moderately compact light grayish- 
brown or brownish-gray loam which, when disturbed, breaks to a 
small cloddy structure. The clods can be readily pulverized in the 
hand. The lower subsoil layer consists of grayish-brown or brownish- 

ray compact very calcareous gravelly clay loam or loam. At a 
dench ranging from 30 to 48 inches this material gives way to partly 
weathered shale or sandstone which grades into the unweathered 
bedrock at a slightly greater depth. In most places the parent shales 
and the weathered soil material directly overlying them contain 
appreciable quantities of alkali salts. 

This soil occurs in association with other members of the Chipeta 
series and is not extensive in the Basin area. 

The relief ranges from smooth, gently sloping, and terraceliko to 
rolling or hilly. Most of the soil has a smooth surface well suited to 
irrigation practices. However, crosion has resulted in local areas of 
uregular or broken relief. Drainage courses are deeply intrenched 
between steep banks, and most areas of this soil are separated from 
areas of associated soils by steep slopes or bluffs, ranging from 10 to 
50 feet in height, which have been formed by erosion. 

The stone and gravel in this soil are angular or subangular and are 
of limestone and ironstone origin. They differ in character from 
those occurring in soils along the larger stream ways of the areca. As 
mapped this soil includes some residual materials, but the surface 
soil is derived mainly from weathered old alluvial deposits trans- 
ported by surface wash and by the present or formor streams and 
superimposed over the shales and sandstone underlying the region. 

The vegetation consists of sagebrush and native grasses. The soil 
is not farmed, as water for irrigation is not easily available. Most 
of the aroas are open range country which is pastured to sheep or 
cattle. Under irrigation the soil should prove fairly productive, 
though it would require more frequent irrigation than the heavier- 
textured soils. Drainage would also be necessary to insure against 
alkali accumulation. Areas of this soil within the proposed Oregon 
Basin division of the Shoshone project are in Government ownership 
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A, Oats growing on Billings fine sandy loam in foreground, alfalfa stacks in background, B, virgin 
Chipeta loam in foreground, used as grazing land for sheep 
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and have not yet been declared open to entry and settlement. Soil 
arens not in the project can be purchased for a few dollars an acre. 


CHIPETA LOAM 


To a depthof 4 inches Chipeta loam consists of light yellowish-brown 
calcareous fine granular loam, covered by a thin crust of very pale 
brownish-gray loam. This layer is underlain by a 2-inch layer of 
heavy compact cloddy loam slightly mottled with white lime accu- 
mulation. It is somewhat porous, owing to the presence of roots and 
root holes. The next lower 8-inch layer consists of light olive-drab 
cloddy loam which is slightly calcareous and contains many clumps 
of white gypsum crystals. Below a depth of 14 inches is dark-gray 
dacompored shale containing gypsum crystals as in the layer above. 
At a depth of about 20 inches this material rests on dark-gray soft 
shale rock. In many places, the layers are somewhat thicker than 
those described and the depth to the unaltered parent material may 
be as much as 3 feet. 

Most areas of Chipeta loam are gently undulating, nearly flat, or 
slightly depressed. This renders irrigation mechanically easy but 
introduces the factor of imperfect drainage. The land is partly 
covered with a growth of winter fat. 

Natural drainage is sufficiently favorable to take care of the 
regional precipitation, but under irrigation much trouble is experi- 
enced in trying to remove waste water. Ditching has very Fttle 
effect in removing water from the soil, because the parent rock is too 
impervious to allow the passage of water and it lies so close to the 
surface that it prevents downward percolation. The presence of 
alkali salts in the parent rock makes the accumulation of alkali on 
the surface practically o certainty if the land is irrigated. 

Very little of the land is under irrigation at present and it is 
strongly recommended that this land be left in a virgin state. (PI. 
1,B.) Although fair yields of the crops common to the region are 
produced on very aniall areas of this oe it is unlikely that irrigation 
and cropping of large tracts would prove successful. 

Chipeta loam is associated with Chipeta fine sandy loam and has 
about the same distribution in the Basin area. The largest bodies 
are a few miles west of Basin and on the uplands between Greybull 
River and Dry Creek northeast of Otto. 


CHIPETA LOAMY FINE SAND 


The surface soil of Chipeta loamy fine sand consists of a layer of 
light noe or grayish-yellow fine sand about 12 inches thick. 
This layer is subject to shifting by the wind. Beneath this is a 
2-inch layer of similar-colored loamy fine sand containing numerous 
roots. Between depths of 14 and 24 inches the soil is very pale 
brownish-gray or grayish-brown very fine sandy loam mottled with 
white accumulations of lime. This layer contains more roots than 
any other layer in the profile. The soil below this depth is pale 
grayish-yellow o1 light yellowish-brown calcareous loamy fine sand 
which lies, at varying depths, on sandstone. In places the thick- 
nesses of the different layers vary somewhat from those described. 
The soil is calcareous throughout, but the lime is concentrated in the 
upper part of the subsoil. 
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Practically none of this soil is being farmed as it is too light in 
texture to be of great agricultural value. Large quantities of water 
would be necessary to keop it moist, and it is likely that the winds 
would carry much of the soil away if the natural cover of rabbitbrush, 
sagebrush, and scattered grasses were removed. The land affords 
fair winter pasture for sheep. 

The largest arens of this soil occur just southeast of Greybull 
bordering Big Horn River, northeast of Winchester, and south of 
Otto. A few small bodies are scattered elsewhere over the area. 


GREYBULL FINE SANDY LOAM 


The soils of the Greybull series resemble those of the Chipeta series 
in that they are shallow residual soils in which the upper part of the 
surface soil has been modified by alluvial wash. These soils are 
derived from interbedded red shales and light-gray sandstones. 

The topsoil of Greybull fine sandy loam is about 7 inches thick and 
consists of light reddish-brown or yellowish-brown laminated and 
fine-granular fine sandy loam which is full of grass roots. When dry 
this layer is covered by pale pinkish-brown fine sandy loam. The next 
4-inch layer consists of dark reddish-brown heavy compact clay loam 
which contains many splotches of white lime accumulation. Roots 
and root holes render this layer rather porous. It breaks into irreg- 
ularly prismatic clods. Betweon depths of 11 and 17 inches the soil 
is similar to that above but is slightly paler red or yellowish brown. 
This layer rests on weathered shales which are alternately dark red 
and olive drab in color every few feet. The shales are in general 
noncalcareous, and they contain little if any alkali salts. The lower 
part of the soil contains gypsum accumulation in places. 

Areas of Greybull fine sandy loam are gently sloping or hilly. It 
is estimated that perhaps one-half the soil could be conveniently 
irrigated. Natural vegetation is mainly grama, sagebrush, and 
winter fat. 

Natural drainage is good on most of the soil, but some trouble 
from seepage has been experienced where the land has been irrigated. 
The soil is too shallow to allow the effective use of tile or open drain- 
age ditches, so there is no practical way in which the land can be 
artificially drained. The accumulation of alkali in the soil is not 
rapid, owing to the absence of appreciable quantities of salts in the 
parent rock, but some accumulation results from the presence of 
salts in solution in the irrigation waters. 

Fair crops of alfalfa, grains, and beans are produced on this soil, 
and a fairly large acreage is devoted to sweetclover. Alfalfa yields 
about 1% tons to the acre, wheat 25 bushels, and beans 1,000 pounds 
or less. Improved land that has not become too wet to farm brings 
a. fair price, but much of the land now under cultivation is of very 
low value. 

Large areas of this soil oceur in the northern parts of T. 52 N., 
Rs. 97 and 98 W. Other fair-sized bodies are distributed along 
the uplands south of Greybull River southward from Burlington 
and Otto. 

GREYBULL LOAM 


Greybull loam is a very shallow residual soil which lies on fine- 
grained gray sandstones interstratified with red shales. It consists 
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typically of a thin gray surface crust, below which is about 7 inches 
of fine-granular reddish-brown loam, underlain by 5 inches of light 
reddish-brown, compact, cloddy loam, and, in turn, by 6 inches of 
heavy, cloddy, reddish-brown clay loam which rests on the parent 
material. The entire soil, as well as the upper part of the parent 
rock, is calcareous, and the layer occurring between depths of 7 and 
12 inches has an accumulation of lime in the form of white mottling. 
The layer just above the parent rock in many places contains muc 
gypsum. 

As mapped this soil includes a few small areas in which the surface 
soil is of heavier clay loam texture, but these were of insufficient ex- 
tent to warrant recognition as a distinct soil type. Aside from the 
heavier texture of the surface soil, the soil in these areas conforms 
in profile and in other characteristics to typical Greybull loam. The 
largest included areas are near the central part of T. 52 N., R. 98 W. 

Most areas of this soil occupy gentle slopes or flat areas, therefore 
the land is easy to irrigate. Natural drainage is only fair, and the 
land is likely to become seepy when irrigated. No practical method 
of draining tare areas of this soil exists. Vegetation consists mainly 
of winter fat. 

Tn the few places where the soil is being irrigated it is used mainly 
for growing alfalfa and sweetclover, of which only fair yields are 
oe Land values are slightly less than of Greybull fine sandy 

oam. 

Small areas occur southeast of Worland, in conjunction with 
Greybull fine sandy loam south of Greybull River, and in the north- 
ern part of the two northwestern townships of the area. 


SHOSHONE FINE SANDY LOAM 


The soils of the Shoshone series occur on the first bottoms and 
lower terraces of the rivers and creeks of the Basin area. They do 
not have pronounced profile characteristics as they consist of 
unweathered recently deposited alluvial materials. 

The 3-inch surface layer of Shoshone fine sandy loam is dark-brown 
or dark grayish-brown fine sandy loam containing a quantity of semi- 
decayed dark-colored organic matter. Between depths of 3 and 13 
inches the soil is light olive-drab or light-brown loamy fine sand or 
fine sandy loam. ‘The next 11-inch layer is very pale olive-drab or 
light grayish-brown very fine sandy loam containing some mottling 
of sede yellow iron stains. This layer rests on dark-colored loose 
igneous river gravel and sands. The soil is calcareous throughout. 
This description represents a profile of this soil in an area bordering 
Greybull River. The sequence of the layers described is typical, but 
much variation occurs in different localities. Along Big Horn River, 
the general color of the soil is much lighter and the gravel layers are 
likely to be deeper and in some places are missing. 

Most areas of this soil are flat or undulating, and the land is fairly 
easy to irrigate. It supports a growth of cottonwoods, rosebushes, 
buffaloberries, sagebrush, and meadow grasses. Along the smaller 
creeks the vegetation is mainly sagebrush and rabbitbrush. 

Natural drainage ranges from fair to poor. Large areas of this 
soil develop alkah under irrigation because the soil lies so near the 
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level of the rivers and creeks that there is little chance for subdrain- 
age. Those parts of the arens lying near the streams are often over- 
flowed during floods. 

Where this soil has not become affected by alkali it produces good 
crops of grains, alfalfa, beans, and beets. Alfalfa, which occupies 
the largest acreage, yields from 1% to 2 tonsanacre. Beans are very 
well adapted to this soil and may produce as high as 2,000 pounds 
to the acre, but they will not grow on land affected by alkali. Beets 
produce from 10 to 12 tons an acre. 

This soil is rather extensive. Where free from alkali and improved 
the land commands a fair price, but very little of it is changing hands 
at present. 

Shoshone jine sandy loam, terrace phase —The terrace phase of 
Shoshone fine sandy loam is identical with the typical soil except 
that it lies on slightly elevated terraces. It is never overflowed by 
streams and can be easily drained by open ditches and tiles. For 
this reason it is comparatively simple to reclaim when it becomes 
affected by alkali and is more valuable than the typical soil. The 
principal areas occur between Avant School and Otto. 

Shoshone fine sandy loam, poorly drained phase.—The poorly drained 
phase is similar to Shoshone fine sandy loam except that it contains 
some rust-brown mottlings throughout and in some places has a thin 
layer of black organic material on the surface. The land is very wet 
at all times and 1s heavily charged with alkali. In few places can it 
be drained satisfactorily, owing to its low position. Its only use is 
for pasture. 

SHOSHONE LOAM 


The topsoil of Shoshone loam typically consists of 8 inches of olive- 
drab and reddish-brown stratified loam which becomes dull brown 
when dry. In many places the reddish-brown material is lacking. 
Between depths of 8 and 11 inches is olive-drab or dull-brown loam, or 
in some places reddish-brown silty clay loam. Below thisis olive drab 
loamy fine sand, underlain at a depth of 30 inches by dark-colored 
igneous river gravel and sands. The soil is calcareous throughout. 
The thicknesses and colors of different layers vary somewhat accord- 
ing to locality. Along Big Horn River most of the soil material is 
somewhat lighter colored, except where this soil occurs near the dark- 
colored phases of the Billings soils. 

Natural vegetation is about the same on this soil as on Shoshone 
fine sandy loam. On areas along the smaller streams the vegetation 
is mainly sagebrush. The surface of Shoshone loam is favorable to 
irrigation, but drainage is less favorable than in Shoshone fine sandy 
loam. The higher-lying areas of this soil are somewhat more 
productive than the best areas of Shoshone fine sandy loam, and 
they command slightly higher prices. Where this soil is affected by 
accumulations of alkali it is generally hard to drain and is used 
mainly for pasture. The areas near the rivers and larger creeks are 
often overflowed during high water. 

Shoshone loam, terrace phase.—Like the terrace phase of Shoshone 
fine sandy loam this soil differs from typical Shoshone loam on 
being located on areas high enough to allow artificial drainage. For 
this reason it has a higher value than the lower-lying areas. It is 
used mainly for the production of alfalfa, grains, and beans, and it 
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returns yields slightly higher than those obtained on the terrace phase 
of the fine sandy loam. 
The principal areas of this soil are between Avant School and Otto. 


SHOSHONE CLAY LOAM 


The topsoil of Shoshone clay lonm consists of an 8-inch layer of 
heavy olive-drab clay loam matted with grass roots and containing 
some accumulation of organic matter. Between depths of 8 and 18 
inches is olive-drab clay loam mottled with reddish-brown iron stains 
and containing many grass roots. From a depth of 18 inches to a 
depth of several feet is & substratum of dark-colored igneous river 
gravel and sands. In some places this soil is nearly black, owing to 
the presence of dark-colored decomposed shale which has been washed 
in from adjoining uplands. 

Most areas of this soil are flat or depressed, and most of the land 
is affected by alkali. It supports a rank growth of meadow grasses 
where there is not too much alkali. In a few places good crops of 
alfalfa, grains, and beets are produced, but most of the land is used 
as pasture for cattle and horses. The agricultural value of the 
land is very low, and none of it is sold alone. 


MOFFAT VERY FINE SANDY LOAM 


The soils of the Moffat series are developed from red very fine 
grained sandstone materials washed out on alluvial fans near outcrops 
of these rocks adjacent to the Big Horn Mountains. They resemble 
the soils of the Mecteetse series except that they are much redder. 

The topmost 4-inch layer of Moffat very fine sandy loam is highly 
laminated dark reddish-brown very fine sandy loam. It is anderen 
by a 6-inch layer of slightly lighter colored and more compact soil 
material which breaks into irregular, easily crushed clods. Between 
depths of 10 and 36 inches the soil is light reddish-brown heavy very 
fine sandy loam, fairly compact and containing faint mottlings of 
accumulated lime. Below this, and continuing to a depth of 5 or 
more feet, the soil is slightly lighter, both in color and texture, and 
contains some whitish gypsum crystals which decrease in number 
with depth. In many places very fine grained red sandstone is 
reached at a depth of a little more than 3 feet. The soil is calcare- 
ous throughout. 

This soil occurs in the form of alluvial fans between the creek bot- 
toms and uplands, and the slope of most areas is gentle or moderate. 
The land is well suited to irrigation. Natural vegetation is mainly 
sagebrush. 

Natural drainage in most places is good, and artificial drainage is 
rarely required, except on the large nearly flat areas where alkali 
accumulates to a harmful extent. 

Areas of this soil occur near the towns of Ten Sleep and Hyatt- 
ville in Nowood, Ten Sleep, and Paint Rock Creek Valleys. 

The soil is used chiefly for the production of alfalfa and grains, 
but some farmers have found it very profitable to grow beans which 
give excellent yields. Potatoes also do very well. All the Moffat 
soils mapped in the Basin area are too far from the railroad for sugar 
beets to be profitable. Average acre yields on areas of this soil not 
affected by alkali accumulations are 40 bushels of wheat, 3 tons of 
alfalfa, and 1,800 pounds of beans. 
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Most of the ranches oe ed of this soil are owned by cattle or 
sheep men living near Ten Sleep and Hyattville, and the land is used 
for producing feed for the livestock. 


MOFFAT SILT LOAM 


To a depth of 3 inches, Moffat silt loam consists of pronounced 
reddish-brown or dull-red highly laminated silt loam which is finely 
pee Between depths of 3 and 8 inches the color is somewhat 
ighter and the soil is slightly compacted silt loam which breaks up 
into medium-sized, easily crushed, irregular clods. The next 22-inch 
layer consists of yellowish-red silt loam which is streaked and mot- 
tled with whitish-gray lime accumulation. ‘The soil in this layer is 
rather compact and breaks into small irregular clods which are easily 
crushed in the fingers. The lower part of this layer is lighter tex- 
tured. At a depth of 30 inches, in the sample here described, a 
decomposed very fine grained sandstone occurs. In most places bed- 
rock lics at a depth of several feet. 

The vegetation is chiefly sagebrush and grasses. Topographic 
features and drainage are about the same as of Moffat very fine sandy 
loam. Some of ike lirver areas under irrigation have become affected 
by alkali, owing to poor drainage. The value and crop adaptations 
of the nonalkali areas are the same as those of Moffat very fine sandy 
loam, with which this soil is associated. 


PIERRE LOAM 


The soils of the Pierre series are very shallow residual soils which 
have weathered in place from the dark-gray salty shales of parts of 
the Basin area. 

Pierre loam has a thin pale yellowish-gray surface crust and mulch 
over a 2 or 3 inch layer of dark grayish-brown or slate-colored loam 
which in most places is underlain by a 1-inch layer of similar-colored 
loam containing some spots of lime accumulation. Between depths of 
3 and 10 inches is dark slate-gray or dark olive-drab mottled silty clay 
loam which is full of white and yellow gypsum crystals. Extending 
from 10 inches to an indefinite depth is very dark slate-gray rotten 
shale having a few gypsum crystals and rust-colored iron stains along 
the root passages. 

The surface relief of Pierre loam is gently sloping or hilly. The 
soil is easy to irrigate but is worthless for agriculture after water is 
put on it, because it is too shallow to allow downward percolation of 
water and the underlying shales are very salty so that alkali always 
accumulates on the land when it is irrigated. 

The largest areas occur east of Greybull on the south side of 
Shell Creek Valley. Other bodies are along the border of Paint 
Rock Creek Valley. 


PIERRE CLAY LOAM 


Pierre clay loam is essentially like Pierre loam except that the 
topsoil is clay loam instead of loam, being dark olive-drab or dark 
slate-gray very heavy and compact clay loam with a surface crust of 
somewhat paler gray. Ata depth of about 4 inches this material 
is underlain by a 12-inch layer of similar material mottled with 
accumulations of gypsum, and this layer in turn rests on weathered 
shales which contain large amounts of salts. 
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Relief and drainage are similar to those of Pierre loam. Natural 
vegetation is chiefly winter fat and a few annual weeds. This soil is 
of little agricultural worth. 

Areas of the soil occur rather widely distributed over the uplands, 
mainly between Greybull River and Dry Creek northeast of Otto. 
Small bodies border Shell Creek Valley. 


ROUGH BROKEN AND STONY LAND 


Rough broken and stony land includes areas that are too hilly, 
stony, or rough to be of agricultural value. Such areas occur on the 
uplands and along the steep terrace escarpments, bordering stream 
courses, and they are characterized by outcrops of sandstone or shale 
or by steep gravelly slopes which can not be irrigated. This type of 
land is widely distributed throughout the Basin area, being especially 
extensive along the borders. 

DUNE SAND 


Dune sand occurs chiefly in the river valleys. It consists of various 
cues of sand and loamy sand piled by wind in rough hillocks and 
ummocks and overgrown by rabbit brush, sagebrush, and greasewood. 
In some places this land is leveled and cultivated, but it is too ean 
to be of practical value. Areas occur along the valleys of Greybu 
and Big Horn Rivers, most of them in association with soils of the 
Billings series. 
RIVER WASH 


River wash consists of areas of cobblestones, gravel, and sands 
occurring in and adjacent to the larger stream channels which are 
overflowed when the streams are in flood. This material has no 
agricultural value. It occurs chiefly along Greybull River and less 
extensively on Big Horn River. 


ALKALI AND DRAINAGE 


Under virgin conditions the surface soils of the Basin area were. in 
general free from harmful concentrations of alkali salts. Early 
settlers established irrigation systems for applying water to soil that 
had previously been dry. This upset the natural condition of the 
soil. At first the soils produced abundant crops, under almost all 
methods of handling, but in a few years crop yields began to decrease 
and white crusts of alkali salts appeared on the surface of some of 
the soils. Irrigation water had been added to the soil to such an 
extent that the water table (level of the ground water) was raised to 
within o few feet of the surface, and in some places above the surface, 
forming worthless marshland. This condition first appeared in the 
shallower soils and soils with restricted subsurface drainage. It still 
exists in a large part of the area and is becoming more prevalent in 
some places. The important problem confronting the farmers of the 
area is how to prevent this trouble and how to profitably reclaim 
land which is now unproductive because of alkali. 

Before prescribing 1 remedy it is necessary to know the exact 
nature of the ailment. Soil alkali consists of soluble salts which are 
present in the soil in quantities sufficient to affect the growth of 
crops. There are two principal types, namcly, black alkali and white 
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alkali. Black alkali, which consists of ordinary washing soda (sodium 
carbonate), does not exist in an appreciable quantity in the Basin area. 
White alkali, as it occurs in ili area, consists largely of sodium 
chloride (ordinary table salt), and sodium sulphate (Glauber salt), 
with some magnesium sulphate (Epsom salt), magnesium chloride, 
and potassium sulphate. Theso salts dissolve in the soil water, and 
if the resulting solanian is more concentrated than the sap of the 
plants, water will pass from the roots into the soil solution. Hence, 
the plants suffer from Jack of water. 

The concentration of alkali salts required to adversely affect the 
growth of crops depends on several factors. Crops will tolerate more 
alkali in heavy-textured soil than in sandy soil, because of the greater 
water-holding capacity of the heavy soil. Alkali salts consisting 
largely of sodium chloride are much more harmful than those which 
are principally sodium sulphate. Crops are tolerant of higher con- 
centrations of alkali im well-drained soils and those high in organic- 
matter content. Accumulations of alkali localized in the surface 
soil will do more harm than deeper-lying accumulations. 

Crop plants themselves vary greatly in resistance to alkali. Most 
crop plants are not affected by concentrations of less than 0.2 per 
cent of white alkali, but few crops can be successfully grown where 
the concentration is greater than 0.5 per cent. Barley and sweet- 
clover are rarely injured to an appreciable extent by concentrations 
ranging from 0.4 to 0.6 per cent and are sometimes successfull 
grown on soils with as much as 1 per cent of alkali. Other amall 
ers, vetch, and sugar beets are only slightly less tolerant than 

arley. Alfalfa in the seedling stage will not tolerate n concentration 
of more than 0.2 per cent, but once established it will grow where 
there is as much as 0.4 per cent of alkali. Corn, beans, potatoes, 
peas, and the orchard crops are very sensitive and should not be 
aoe except on soils with less than 0.1 per cent of alkali. These 
gures are very general and vary with different conditions, but they 
Ne a fair idea of the relative resistance of the crops adapted to the 
asin aren. 

Besides interfering with the growth of plants, alkali salts cause 
defloceulation or pudding of the soil. This condition is especially 
noticeable where the black alkali and sodium chloride salts occur. 

The accumulation of alkali salts does not occur on irrigated soil 
unless no provision has been made for removing the drainage water 
from the soil. Where the water table is within 3 or 4 feet of the 
surface, capillary attraction brings water to the surface. As the 
water reaches the surface it evaporates and leaves the dissolved 
salts as a surface accumulation of alkali. If allowed to continue, 
this process eventually increases the amount of alkali in the surface 
soil to such an extent that crops can not be grown. Alkali salts 
are frequently present in the irrigation waters, and therefore irrigation 
tends to aggravate the trouble. 

Before the agriculture of the Basin area can be considered a perma- 
nent asset to its inhabitants, the land must be proyided with adequate 
drainage. Provisions for drainage have been made in several locali- 
ties, but there are still large areas of poorly drained soil. To be 
successful, drainage must be ely installed. Drainage oper- 
ations are much more successful where large arenas are drained by a 
unified system. An individual farmer can not lower the water table 
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on his own land to a great extent if it is surrounded oy large areas in 
which the water table is higher. The services of a competent drain- 
age engineer should be procured when installing 2 drainage system, 
as poorly constructed drains are a liability rather than an asset. 

The soil type should be taken into consideration when drains are 
installed. Soils with heavy-textured surface soils and subsoils are 
more difficult to drain and therefore require more drainage lines. In 
general, soils of the Chipeta, Pierre, and Greybull series can not be 
drained by any practical method because of the slight depth to imper- 
vious sandstone and shale substrata, and even with tho most careful 
handling these soils must eventually become worthless for crop pro- 
duction. The Meeteetse soils and most of the soils of the Billings, 
Shoshone, and Worland series have restricted subsoil drainage. Owing 
to the fine texture of the subsoil, these soils require open drainage 
ditches. Soils of the Ralston series have a very porous gravelly sub- 
stratum and are easily drained by tiling. Artificial drainage is not 
needed except in surface depressions and in basins formed by irregu- 
larities of the shale or sandstone underlying the gravel. Natural 
drainage of the alluvial-fan phase of Ralston fine sandy loam is good, 
and tiling is not needed in most areas. Some areas of the Billings 
soils, which are underlain by gravel at depths ranging from 4 to 6 feet, 
are adapted to tile drainage. 

Experience of farmers has shown that it is much easier to prevent 
the accumulation of alkali salts by providing drainage and by careful 
use of irrigation water than it is to remove the salts after they have 
accumulated. When drainage has been provided, the reclamation 
of alkali land is completed by growing alkali-resistant crops, such as 
sweetclover, barley, and sugar beets. 

All important areas of alkali-affected soil in the area have been 
shown on the soil map by appropriate symbols. Alkali samples of 
soil were collected in the more extensive areas of alkali soil. The 

ercentage of alkali salts in the air-dried soil was determined, and 
ocations and alkali concentrations of these samples are shown on the 
eecorn Dbayine map. With the exception of the Pierre soils, most of 
the virgin soils of the area are freo from harmful quantities of alkali. 
Soils of this series contain from 0.3 to 0.6 per cent alkali. Soils of the 
Chipeta series are generally free from surface accumulations of alkali, 
but the underlying shales and sandstones are high in content of soluble 
salts. Virgin soils of the Worland series at present contain no injurious 
concentrations of salts. The quantity of alkali contained in soils of 
other series depends on thoroughness of drainage and the amount 
of irrigation they have received. The principal alkali-affected areas 
occur in the lowland along the courses of Greybull River, Nowood 
Creek, Big Horn River, Dry Creek, and Shell Creek. Large areas 
are on the upland south of Shell Creek where soils of the Pierre series 
predominate, on the higher bench land around Burlington and 
Emblem, and in the vicinity of Otto where the brown phases of the 
Billings soils occur. 

The locations of areas having poor or restricted drainage coincide 
with those of alkali accumulation. Alkali concentration and poor 
drainage are the limiting factors in the productivity of the soils of 
this area and unless steps are taken to check the growth of this con- 
dition, it will eventually put an end to the production of farm crops 
except where drainage systems are already installed. 
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The.results of the alkali determinations are indicated on the map 
a This 
1.02° 
denotes that the surface soil contains 0.35 per cent of soluble salt 
and that a 3-foot section contains an average of 1.02 percent. Where 
the denominator of the fraction is larger than the numerator it indi- 
cates that the soluble salts increase with depth. 


by a number in the form of a fraction, for example 


SOILS AND THEIR INTERPRETATION 


The following general discussion of the soils of the Big Horn Basin 
applies to the soils mapped in the Shoshone* and Basin areas and is 
designed for the information of those who are interested in soils 
mainly from the viewpoint of scientific soil classification. A few of 
the soil variations discussed occur outside the areas mapped but they 
are of sufficient scientific interest to be included, with this report. 

Big Horn Basin is a great basinlike aren lying between the main 
ranges of the Rocky Mountains on the west and the Big Horn Moun- 
tains on the east. It is further hemmed in on the south by the Owl 
Creek Range and on the north by the Pryor Mountains. Big Horn 
River enters the basin through a gorge in the Owl Creek Range ond 
leaves by a gorge lying between the Big Horn and Pryor Mountains. 
This river has several jorge tributaries, the principal ones being Grey- 
bull and Shoshone Rivers. The land comprises a series of great allu- 
vial terraces with deposits of gravel of various dark-colored igneous 
rocks underlain by sandstones nnd shales of various geologic periods. 
In places the soils are derived from these shales and sandstones instead 
of from the alluvial terrace materials. This is especially true in the 
region adjacent to the McCullough Peaks which are a series of bad- 
land mountains in the north-central part of the basin. There are also 
large arens of residual soil in the south-central part of the basin, on 
both sides of Big Horn River. 

The climate of tho Big Horn Basin is that of a cool temperate des- 
ert, with an average rainfall, over the region as a whole, of about 6.5 
inches. The mean annual temperature is about 44° F., with extremes 
of 114° above and 51° below zero having been officially reported. 
Outside the basin, in every direction, the precipitation increases and 
the mean annual temperature decreases. The altitude of the basin 
ranges from about 3,800 feet to more than 5,000 feet above sea level. 

The distribution of vegetation seems to vary somewhat with the 
soils and somewhat with the slight variations in climate which obtain 
in the Big Horn Basin. However, in general, the vegetation is largely 
of the same type throughout the basin. The principal upland and 
alluvial-fan plants are sagebrush (Artemisia tridentata), winter fat 
(Eurotia lanata), greasewood (Sarcobatus vermiculatus), shadscale 
(Atriplex compere ia), rabbit brush (Chrysothamnus sp.), grama 
(Boutelowa oligosiachya), and needle grass (Stipa comata). OF the 
smaller flowering plants various Pentstemons, Indian paintbrush 
(Castilleja sp.), evening primrose (Onagraceae sp.), pricklypear 
(Opuntia), and some larkspur (Delphinium) along the edges of the 
mountains, arecommon. Rabbit brush is common on the very sandy 
soils, sagebrush grows largely on soils with gravelly or sandy subsoils, 


1 Ses footnote J, p. 1, 
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winter fat on soils with very small quantities of alkali salts, and 

reasewood on moist soils which generally contain some soluble salts. 

hadscale grows on soils in slight depressions which are fairly well 
drained but which are underlain by excessive accumulations of lime 
and gypsum. Grama and needle grass are commonly found on the 
same kinds of soil as those supporting sagebrush, and in some places 
they grow in association with sagebrush as do most of the smaller 
flowering plants. Pricklypear is commonly associated with grama 
and needle grass on sandy soils underlain with gravel. The vegeta- 
tion along the rivers and crecks differs to some extent from that just 
described, because the soil in such places is moister than that in most 
of the basin. 

As far as may be determined, the soils of the Big Horn Basin have 
never supported a forest growth since the land surface reached its 
ee general configuration, and it has never supported a sufficiently 

eavy growth of grasses for an appreciable quantity of organic mat- 
ter to accumulate. Consequently the soils are all very light colored 
on the surface. Toward the foothills in the western part of the 
Shoshone area the grass vegetation increases and there is a correspond- 
ing darkening of the surface soil. Just outside the boundary of that 
area, in the foothills of Heart Mountain, the soils become very dark 
colored and have a decided tendency to granulation in the A horizon, 
and the angular grains are rather thickly covered with dark-colored 
organic material. In the eastern part of the Basin area the soils 
retain their desert characteristics, and there is no noticeable change 
in the soil in this region until a height of 1,000 fect up the mountain 
side is reached, where conditions are rather similar to those at the 
foot of Heart Mountain. This difference scems to be due to the fact 
that summer storms drifting almost daily from the western mountains 
keep the soils rather moist for a large part of each summer, whereas 
on the eastern side of the area the precipitation does not begin until 
the eastward-blowing winds have been cooled on the higher slopes. 

Observed from almost any hilltop in Big Horn Basin, the prevail- 
ing color of the soil appears pale brownish gray. On the few days 
that the soils are moist on the surfaco the color appears browner and 
slightly darker. Where erosion has exposed the underlying horizons, 
various colors are noticeable, but the predominating color is very 
light brown. In some places the red color of the parent red shales 
persist more or less in the soil, and in others the dark-gray shales 
give their color to the soils. 

For convenience in describing their broad characteristics the soils 
of the Big Horn Basin are classified as follows: 

Maturely weathered soils, soils of the Ralston, Gilcrest (in Sho- 
shone area only), and Worland series; moderately weathered soils, 
soils of the Chipeta series, the alluvial-fan phase of Ralston fine sandy 
loam, and the gravelly subsoil phases of the Meetectse and Billings 
soils; slightly weathered soils, normal types of the Meeteetse and 
Billings series and soils of the Moffat series; unweathered soils, soils 
of the Shoshone series; and shallow soils developed in place on imper- 
vious shales and sandstones, soils of the Pierre and Greybull series. 

Detailed descriptions will be given of members of the two series of 
mature soils of the Basin area, and the soils that have not reached 
such an advanced stage in weathering will be dealt with in less detail. 
The fine sandy loams of the Ralston and the Worland series are 
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representative not only of the maturely weathered soils of the region 
but also of the prevailing soil texture. 

The sample of Ralston fine sandy loam herewith described was 
taken from a high bench or terrace bordering Dry Creek known as 
the Emblem bench, and it represents virgin land adjacent to culti- 
vated land. The descriptions will be taken up by horizons. 

Horizon A, from the surface to a depth of one-eighth inch, is a crust 
of very pale brownish-gray slightly calcareous fine sandy loam. From 
a depth of one-eighth inch to a depth of 1% inches is a mulch of very 
pale brownish-gray loose loamy fine sand which has a singlo-grain 
structure and is slightly calcareous. On the loams and clay loams 
of the soils of this region the crust is slightly thicker than in this 
sample and is filled with small spherical pores, or vesicles, from one- 
sixteenth to one thirty-sccond of an inch in diameter. By actual 
experiment these were found to be made by imprisoned air which 
takes the form of small spheres when the soil becomes puddled on 
the surface during the beating summer rains. On these heavier 
types of soil, the mulch is in the form of very fine angular grains 
which make a loose mulch when dry. Between depths of 144 and 5 
inches is light yellowish-brown laminated fine sandy loam containing 
many grass and sage roots. This material tends to break up into 
thin flakes, and this tendency is much more pronounced in the 
heavier soils. This lnyer is strongly calcareous. 

Horizon B, from a depth of 5 inches to a depth of 12 inches, is 
light yellowish-brown slightly compact fine sandy loam which breaks 
into irregular friable clods. It contains many roots and root cavities, 
and the dead roots and rootlets are incased in a white lime aceumu- 
lation resembling mold mycelia. The soil material is faintly colum- 
nar and strongly calcareous. Between depths of 12 and 22 inches 
is grayish-white or yellowish-white loam with irregular vertical 
streamers of yellowish-brown lighter-textured materials following the 
larger masses of roots. This layer contains more lime than any 
other layer in the profile. Between depths of 22 and 32 inches is a 
layer which might be considered as belonging to the lower B or upper 
C horizon, according to the viewpoint. Tho main mass of matorial 
is C material, but there is some concentration of lime. The layer 
consists of dark-colored igneous alluvial gravel and sands, the inter- 
stices being filled with grayish-white or yellowish-white lime accumu- 
lation. Few plant roots extend below this depth. In many places, 
especially in the heavier types of soil, this layer contains some white 
or pink gypsum deposit. 

Horizon C, from 32 inches to a depth of several feet, the material 
consists of dark-colored igneous alluvial gravel and sands. On the 
higher terraces, such as the Polecat bench in the Shoshone area, the 
gravel in the upper part of the layer are rather well weathered and 
when cracked with a hammer are found to have a thin film of white 
lime along the broken surfaces. On the lower terraces the gravel 
and cobblestones are hard and unweathered. 

Scattered gravel occur throughout the soil, and most of the gravel 
are coated on the undersides with a white lime accumulation resem- 
bling thick whitewash. The interstitial limy material is soft and 
cryptocrystalline in character. 

Where the Ralston soils are exposed in road cuts or along steep 
declivities along the edges of the terraces, they stand in a vertical 


SOIL SURVEY OF THE BASIN AREA, WYOMING 45 


plane with faintly defined columnar structure. The alluvial gravel, 
which constitute the substratum, lie, at a depth ranging from 4 feet 
to as much as 20 fect, on sandstones and shales, which have been 
unequally croded. 

The natural vegetation on the Ralston soils is mainly sagebrush, 
grama, rabbit brush, pricklypear, and winter fat. The first three are 
common on the lighter-textured soils, and the last two are common 
on the heavier soils. 

Worland fine sandy loam resembles the Ralston soil very closely, 
except that its parent material is entirely different and the color of 
the upper part of the B horizon is reddish brown instead of light 
yellowish brown as in Ralston fine sandy loam. This difference of 
color is probably due to the fact that the Worland soil is derived 
from dark-red shales interstratified with pale-gray fine sands. The 
lime accumulation extends into the rotten upper layers of sandstone 
in Worland fine sandy loam in a way similar to the extension of this 
material into the alluvial gravel of the Ralston soil. Vegetation on 
this soil is the same as that on Ralston fine sandy loam. 

In these two maturely weathered soils several striking points of 
interest may be noted. First among these is that although, as a rule, 
the parent materials of these soils are noncalcareous rocks, the soils 
are calcareous from the surface well into the parent material. This 
is because the carbon dioxide from the air and from the decomposi- 
tion of organic matter reacts with the silicates and other compounds 
of calcium and magnesium to form carbonates. This process is 
active in all soils, but only in those which occur where the rainfall 
is light do the carbonates remain. Although there is some lime in 
the A horizon, the greater part of it has been translocated by the 
process of leaching to the B horizon where it has accumulated in large 
quantities. In a somewhat similar manner gypsum has accumulated 
in the lower part of the B horizon and in the upper part of the C 
horizon. Where the soil contains appreciable quantities of soluble 
salts, these salts are more concentrated below the gypsum. Another 
very noticeable characteristic is that the soils at the immediate sur- 
face have very little real color, being nearly neutral gray. The lower 
part of the A and upper part of the B horizons, on the other hand, 
in most places show a decided yellow, brown, or red tint according, 
apparently, to the color of the parent materials. There is invariably 
a layer of moderate compaction, which is generally the most highly 
colored layer of the profile, just above the layer of maximum ime 
accumulation, indicating a translocation of fine materials from the 
upper layers. In the Worland soils the material of this layer is 
thinly coated with reddish-brown colloidal material. This tendency 
is noticeable to o less degree in the Ralston soils. 

The alluvial-fan phases of the Ralston and Chipeta soils are both 
recognized as moderately weathered soils. They show the same 
general type of profile as the Ralston and Worland soils, but they 
have not had time to develop quite so far and their lime horizon is 
in most places much thinner. The gravelly subsoil phases of the 
Billings and Meeteetse soils also belong to this group. 

Soils which are in the process of formation on the broad alluvial 
fans of the area have been classified as slightly weathered soils. They 
include the various members of the Meeteetse, Billings, and Moffat 


46 BUREAU OF CHEMISTRY AND SOILS, 1928 


series, with the exception of the gravelly subsoil phases of the Mee- 
teetse and Billings soils. Soils of these series are essentially the same 
in every respect except in color. The differences in color are due 
primarily to the differences in the colors of the upland materials from 
which the alluvial fans wero built up. The Meeteetse soil materials 
are derived from red shales, the materials of the typical Billings sous 
are from gray shales and sandstones, and the materials of the brown 

hases of the Billings soils seem to be a mixture of Meeteetse and 

illings materials. Moffat soil materials are derived from brick-red 
sandstones. All these soils have the prevailing pale-gray crust and 
mulch, are laminated in the upper layers, and most of them have a 
very slightly compact layer. In places they all show a very slight 
accumulation of lime under the compact layer, but in many places 
this is not noticeable to the naked eye. They are mainly stratified 
soil materials, and in many places, where the soil is exposed on creek 
banks or road cuts, old soil levels are discernible. All these soils are 
strongly calcareous throughout and all stand in vertical columns where 
exposed. Detailed descriptions of these soils are given in the section 
on Soil Series and Types. 

The only soils included in the unweathered group are those of the 
Shoshone series. They consist of recently deposited soil material 
and in the scientific sense are not true soils. Detailed descriptions 
are given under Soil Series and Types. 

The soils of the rae ae and Pierre series are grouped together 
because they are shallow immature soils of 1 residual character. 
Their shallowness and immaturity are due to the impervious charac- 
ter of the parent rocks rather than to erosion or any other cause. 
They show practically the same sequence of layers as the Ralston 
and Worland soils, the chief difference being that in the Pierre and 
Greybull soils the layers are exceedingly thin. A detailed profile 
description of Pierre loam follows: 

Horizon A, from the surface to a depth of one-half inch, is a crust 
of very pale yellowish-gray calcareous very fine sandy loam full of 
spherical vesicles. This is underlain to a depth of 2% inches by a 
mulch of dark yellowish-brown fine granular loam which is calcareous 
and somewhat laminated. 

Horizon B, between depths of 2% and 3% inches, is dark grayish- 
brown or yellowish-brown loam containing some spots of accumulated 
lime. The soil is highly effervescent with dilute hydrochloric acid. 
Some gypsum and a few fragments of shale occur in this layer. 
Below this, and continuing to a depth of 10 inches, is dark-gray or 
dark olive-drab mottled silty clay loam filled with fine white and 
yellow gypsum crystals. This material does not effervesce notice- 
ably with acid. Roots are most numerous in this layer. 

Horizon C, from a depth of 10 inches and extending to a depth of 
36 and more inches, is very dark slate-gray rotten shale which turns 
a lighter color when crushed. The crushed material has a silty ‘clay 
loam or clay texture. A few gypsum crystals occur in the upper 
part of the layer, and some rust-brown iron stains are noticeable 
along the cleavage planes. This layer contains no lime that can be 
detected by acid. It generally contains from 0.3 to 0.5 per cent of 
soluble salts. 
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It will be noted from the foregoing description that the solum is 
fairly complete as expressed in horizons but that it extends to a depth 
of only 10 inches. Horizons in the Greybull soils are less distinct, 
but the solum averages thicker. 

On the slopes of the Big Horn Mountains it is possible to trace 
soil differences which corresponded roughly with those to be observed 
in progressing from the Big Horn Basin, Wyo., to northern Minne- 
sota. Up the western slopes of the Big Horn Mountains, accumula- 
tion of organic matter in the A horizon begins to be noticeable about 
1,000 feet above the general level of the basin. This soil corresponds 
to the light-brown soils of the Great Plains. Somewhat higher the 
soil becomes darker brown, until at an altitude of about 7,500 feet a 
soil resembling the black earths occurs. A short distance above this 
the soil loses its layer of lime accumulation and becomes acid in 
character. On the grass and sagebrush lands this soil resembles the 
black prairie soils except that it is much shallower. The soils cov- 
ered by lodgepole pine, spruce, and fir forests resemble those in the 
forested region of northern Minnesota. They are strongly acid, and 
the upper layers are highly leached and show very little accumulation 
of organic material. In general, the parent materials on the west 
slope of the Big Horn Mountains are similar to the parent materials 
in the basin, so it may be reasonably assumed that the soil differences 
in this region are due fundamentally to differences in climate and 
vegetation similar to those which are known to exist at different 
atitudes on the mountains. 


SUMMARY 


The Basin ares is in northwestern Wyoming, in a part of the Big 
Horn Basin. It includes the irrigated and irrigable [ands bordering 
Big Horn River and its main tributaries between Winchester and 
oreveull Large parts of Big Horn and Washakie Counties and a 
small part of Park County are included in the area. A large part of 
the area lies along the courses of Greybull River and Dry Creek, both 
of which enter Big Horn River from the west, The altitude of the 
land ranges from somewhat less than 4,000 feet to about 5,000 feet 
above sea level. The climate is arid, with cold winters and warm 
summers, and the frost-free season averages about 130 days. 

Local markets are afforded by the small towns of the region, and 
most of the cash crops are shipped by rail to larger markets north, 
south, and east of the area. The most important crop grown is 
alfalfa hay which is used as feed for cattle and sheep. ‘The impor- 
tant cash crops are sugar beets, dry beans, potatoes, and grains, 
Large shipments of cattle, lambs, and wool are made, and the raisin 
and ee a of turkeys has become an important industry. Sever 
flour mills are located in the area, and a sugar mill at Worland 
handles the beet crop. The Big Horn Cooperative Marketing Asso- 
ciation handles the other principal crops. 

Most of the agricultural soils occupy the alluvial terraces and fans 
of the river and creek valleys. The most important agricultural 
soils of the area are those of the Ralston and Billings series. The 
Ralston soils are underlain by gravel and occupy the river terraces, 


(Tuorp, J. THE EVFECTS OF VEGETATION AND CLIMATE UPON SOIL PROFILES IN NORTHERN AND NORTH- 
WESTERN WYOMING, Soil Sel. 32: 283-301. 1931. 
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and the soils of the Billings series lie on alluvial fans. Meeteetse 
soils are equal in value to those of the Billings series but are much 
less extensive. The value of soils of the Shoshone serics, which 
occupy the first bottoms of the rivers and creeks, is limited because 
of the danger of alkali accumulation. Soils of the Chipeta, Greybull, 
and Pierre series, which are derived from shales and sandstones, are 
of low value because they are too shallow to allow the downward 
percolation of water. 

Natural drainage is good throughout most of the area, but when 
the lands are put under irrigation it is necessary to use artificial 
drainage in almost all places, in order to prevent the accumulation 
of alkali salts in harmful quantities. The supply of irrigation water 
is ample for the entire area. 

No important new irrigation projects are being opened at this time 
(1928), but there are many opportunities to purchase productive 
lands at reasonable prices. Care must be exercised in choosing land 
to avoid areas badly affected with alkali or consisting of soils of 
extremely heavy texture, unless they are productive at the time 
the land is bought. Drainage, under irrigation practices, should be 
carefully observed, and land where drainage is poor should be avoided. 

Good land may be purchased at reasonable prices. Dwelling 
houses on the farms range from fair to good, but most of the barns 
are poorly constructed and inadequate. Many districts are accom- 
modated with a thorough system of open drains and tiles to insure 
good drainage. The country roads are fairly good, and good State 
highways pass through the area. 


U 6. GOVERNMENT PRINTING OFFICE: 19393 


Authority for printing soil-survey reports in this form is carried in 
Public Act No. 269, Seventy-second Congress, second session, making 
appropriations for the Department of Agriculture, as follows: 


There shall be printed as soon as the manuscript can be prepared with the 
necessary maps and illustrations to accompany it a report on each soil area sur- 
veyed by the Bureau of Chemistry and Soils, Department of Agriculture, in the 
form of advance sheets bound in paper covers, of which not more than two hundred 
and fifty copies shall be for the use of each Senator from the State and not more 
than one thousand copies for the use of each Representative for the congressional 
district or districts in which a survey is made, the actual number to be determined 
on inquiry by the Secretary of Agriculture made to the aforesaid Senators and 
Representatives, and as many copies for the use of the Department of Agriculture 
as in the judgment of the Secretary of Agriculture are deemed necessary. 
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Accessibility Statement 


This document is not accessible by screen-reader software. 
The U.S. Department of Agriculture is committed to making its 
electronic and information technologies accessible to individuals 
with disabilities by meeting or exceeding the requirements 
of Section 508 of the Rehabilitation Act (29 U.S.C. 794d), as 
amended in 1998. Section 508 is a federal law that requires 
agencies to provide individuals with disabilities equal access to 
electronic information and data comparable to those who do not 
have disabilities, unless an undue burden would be imposed 
on the agency. The Section 508 standards are the technical 
requirements and criteria that are used to measure conformance 
within this law. More information on Section 508 and the 
technical standards can be found at www.section508.gov. 

If you require assistance or wish to report an issue related 
to the accessibility of any content on this website, please 
email Section508@oc.usda.gov. If applicable, please include 
the web address or URL and the specific problems you have 
encountered. You may also contact a representative from the 
USDA Section 508 Coordination Team. 


Nondiscrimination Statement 


In accordance with Federal civil rights law and U.S. 
Department of Agriculture (USDA) civil rights regulations and 
policies, the USDA, its Agencies, offices, and employees, and 
institutions participating in or administering USDA programs 
are prohibited from discriminating based on race, color, 
national origin, religion, sex, gender identity (including gender 
expression), sexual orientation, disability, age, marital status, 
family/parental status, income derived from a public assistance 
program, political beliefs, or reprisal or retaliation for prior civil 
rights activity, in any program or activity conducted or funded 
by USDA (not all bases apply to all programs). Remedies and 
complaint filing deadlines vary by program or incident. 

Persons with disabilities who require alternative means of 
communication for program information (e.g., Braille, large 
print, audiotape, American Sign Language, etc.) should contact 
the responsible Agency or USDA's TARGET Center at (202) 
720-2600 (voice and TTY) or contact USDA through the 


Federal Relay Service at (800) 877-8339. Additionally, program 
information may be made available in languages other than 
English. 

To file a program discrimination complaint, complete the 
USDA Program Discrimination Complaint Form, AD-3027, found 
online at http://www.ascr.usda.gov/complaint_filing_cust.html 
and at any USDA office or write a letter addressed to USDA and 
provide in the letter all of the information requested in the form. 
To request a copy of the complaint form, call (866) 632-9992. 
Submit your completed form or letter to USDA by: 


(1) mail: U.S. Department of Agriculture 
Office of the Assistant Secretary for Civil Rights 
1400 Independence Avenue, SW 
Washington, D.C. 20250-9410; 

(2) fax: (202) 690-7442; or 

(3) email: program.intake@usda.gov. 


USDA is an equal opportunity provider, employer, and lender. 
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Macy H. Lapham, Inspector, District 5. 

Soils surveyed by James Thorp, in charge, and 

E. G. Fitzpatrick, U. S. Department of Agriculture, 

and T. J. Dunnewald and F. T. Gorsuch, University of Wyoming. 
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